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THE DYNAMICS OF 

MECHANICAL FLIGHT 



INTRODUCTION 



The lectures were delivered in the Imperial College of Science 
and Technology in March 1910 and 1911, under the title 
" The Dynamics of Mechanical Flight," and they are given 
here in the form in which they were delivered. 

The subject was then beginning to take hold of the public 
imagination, consequent on Bl^riot's feat of crossing the Channel 
on July 25, 1909, and the great strides made in the interval 
since in Mechanical Flight. 

The possibility of Human Flight has been an obsession of the 
imagination of Man from the earliest times recorded, for which 
an extensive article should be consulted in the Denkschrift der 
I.L.A. (der Internationalen Luftschiffahrt Austellung) Frank- 
furt, 1910, Band I, p. 118, Flugprobleme in Mijthus Sage unci 
Dichtnng, 

In the Greek Mythology, Demeter rides in a car drawn by 
flying dragons, and Homer describes the flight of Hera in her 
chariot, Iliad V., 750 ; and then there is the legend of Icarus and 
his father Daedalus " who taught his son the office of a fowl, and 
yet for all his wings the fool was drowned " ; and another legend 
of Archytas of Tarentum, "aerias tentasse domos " with his 
invention of a flying mechanical bird. 

-Sschylus in his Prometheus has described the arrival in a 
flying chariot of the chorus of the Ocean Nymphs, followed by 
their father Oceanus on a four-legged bird, anxious to return in 
a single flight from the Scythian desert and the Caucasus to 
beyond the Pillars of Hercules and over the Atlantic. 

M.F. B 
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2 INTRODUCTION 

The fabulous Life of Alexander the Great, by the Pseud©- 
Callisthenes, was a favourite book of the Middle Ages. 
Alexander is described here to have placed a yoke on the neck of 
two strong eagles that had been kept fasting for three days. When 
Alexander took his seat on the yoke, the eagles flew up with him 
in the air, wherever he pointed his spear, because the head of it 
carried a large lump of liver. This flying machine of Alexander 
is illustrated in manuscripts with four or eight eagles or grifl&ns, 
shown in the vignette on p. 7, and representations in sculpture 
are to be seen in St. Mark*s, Venice, and the cathedral of Basle. 

The Tartar and Chinese legend of the Bronze Horse is repro- 
duced in the Squires Tale of Chaucer— 

" Him who left half told 
The story of Cambuscan bold, 
And of the wondrous horse of brass, 
On which the Tartar King did ride " : 

known to us more recently in the operatic version o^f the Cheval 
de bronze of Scribe and Auber ; parodied also by Cervantes in Don 
Quixote II. in the description of Clavileno. 

Chaucer goes into detail of the Magic Steed, but he did not 
realise the difficulty of the mechanical problem in his jaunty 
description — 

*' This same stede shall bere you ever-more 
With-buten harm, til ye be ther yow leste, 
Though that ye slepen on his bak or reste, 
And turn ayeyn, with wrything of a pin. 

But whan yow list to ryden any- where, 
Ye moten trille a pin, stant in his ere — 
Bid him descend, and trille another pin. 



Trille this pin, and he wol vanishe anon. 



He that it wroughte coude ful many a gin." 

So Hecate, too, in Macbeth, reaching for her stick, a broomstick, 
and saying, **I am for the air''; like Abaris on his arrow, 
putting a girdle round about the Earth between meals. 

But Dr. Johnson's **Kasselas," Chapter VL, '* A Dissertation 
on the Art of Flying," anticipates very accurately the gliding ex- 
periments of Lilienthal and Pilcher, now resumed by the Wright 
brothers. The description is so curiously apposite that an 
extract may well find a place here : — 
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INTEODUCTION 3 

Among the artists that had been allured into the Happy Valley, 
to labour for the accommodation and pleasure of its inhabitants, was 
a man eminent for his knowledge of the mechanic powers, who 
had contrived many engines, both for use and recreation. 

This artist was sometimes visited by Kasselas, who was pleased 
with every kind of knowledge, imagining that the time would come 
when all his acquisitions would be of use to him in the open world. 

He came one day in his usual manner, and found the master busy 
in building a sailing chariot. He saw that the design was practicable 
for a level surface, and with expressions of great esteem sohcited its 
completion. 

" Sir," said the master ** you have seen but a small part of what the 
mechanic arts can perform. I have long been of opinion that instead 
of the tardy conveyance of ships and chariots, man might use the 
swifter migration of wings, that the fields of air are open to knowledge, 
and that only ignorance and idleness need crawl on the ground." 

" The labour of rising from the ground will be great " said the 
artist "as we see in the heavier domestic fowls ; but as we mount 
higher the earth's attraction and the body's gravity will be gradually 
diminished, till we arrive at a region where man will float in the air 
without any tendency to fall ; no care will then be necessary but to 
move forward, which the gentlest impulse will effect." 

** Nothing," replied the artist, " will ever be attempted if all possible 
objections must first be overcome. If you will favour my project I 
will try the first flight at my own hazard. I have considered the 
structure of all volant animals and find the folding continuity of the 
bat's wing most easily accommodated to the human form. 

** Upon this model I will begin my task to-morrow, and in a year 
expect to tower into the air beyond the malice and pursuit of man." 

The Prince visited the work from time to time, observed its 
progress, and remarked many ingenious contrivances to facilitate 
motion and unite levity with strength. 

The artist was every day more certain that he should leave 
vultures and eagles behind him, and the contagion seized upon the 
Prince. In a year the wings were finished, and on a morning 
appointed the maker appeared furnished for flight, on a little 
promontory ; he waved his pinions awhile to gather air, then leaped 
from his stand, and in an instant dropped into the lake. 

His wings, which were of no use in the air, sustained him in the 
water, and the Prince drew him to land, half dead with terror and 
vexation. 

B 2 
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4 INTEODUCTION 

These extracts from Easselas will show that Dr. Johnson had 
realised with more accuracy than Cyrano de Bergerac the 
difficulty of the problem to be solved. 

Herr von Lilienthal's experiments, followed by Prof. Fitz- 
gerald and Mr. Pilcher, have borne out to some extent his 
prophecy, which we hope will not come true in the gliding 
experiments of the Wright brothers, now in progress. 

But viewed by the cold, calculating eye of mechanical science, 
the usual poetical description is seen to be hopelessly absurd and 
impossible ; especially since Mr. Maxim proved to demonstration 
with his machine the enormous power required, out of all pro- 
portion to the size, for man to emulate the bird. 

How came the obsession to take so firm a hold on the human 
imagination as to the possibility of flight by a man like a bird ? 
Here is a subject worthy of careful historical examination. 

The pterodactyl of palaeontology goes to prove that flight was 
practised by an animal much larger than now is capable, judging 
also by his degenerate descendant archaeopteryx. 

A mere decrease of gravity, due to the Earth not having 
shrunk so much, would not account for it, as the air density 
would have diminished in proportion. 

Flight would be no easier if gravity was halved, as the density 
of the air would be halved at the same time. 

We are led to conjecture that the atmosphere was formerly 
much denser than now, and that a large portion has leaked away 
and escaped into space, just as free hydrogen will now escape ; 
and that the supply has not been renewed .by the comets, as 
imagined by Newton in the " Principia," Lib. HI. : — 

" Pono suspicor Spiritum ilium, qui Aeris nostri pars minima est, sed subtilissima 
et optima, et ad rerum omnium vitam requiritur, ex Cometis praecipue venire." 

The cooling of the Earth's surface and the deposition of the 
moisture in the air would not account for a diminution of atmo- 
spheric density, as aqueous vapour is only about half as dense 
as air; but the carbonic acid may have been more abundant, 
before it was absorbed by a dense vegetation. 

A writer, Mr. Harle, in the American journal "Cosmos," on 
Atmospheric Pressure in past Geological Ages, has come to the 
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INTEODUCTION 5 

conclusion that air density must formerly have been very much 
greater, judging from the pterodactyl with wing span over 
thirty feet, equal to a Bleriot machine, and fossil dragon-flies 
of the carboniferous era, over three feet between the tip of 
the wings. 

The winged figures of Assyrian art may prove an inherited 
reminiscence of the time of the pterodactyl, in an atmosphere of 
perhaps two-fold density. 

The figures have come down to us through the Greek 
Mythology to the representation by the modern artist of the 
winged angel, described by Milton in "Paradise Lost," and 
painted in the cathedral altar-piece. 

But while the poet and artist invites us to consider his human 
figure, Isis, Nike, Michael, as life size with wings proportioned 
to suit the aesthetic sense, mechanical science of similitude 
requires our imagination to reduce the scale to the size of the 
present dragon-fly, if flight is to be maintained on unassisted 
one-man power, in the tenuity of our present atmosphere. 

Pope, however, has grasped the principle of Mechanical Simili- 
tude in his " Eape of the Lock," where he arms his Gnome and 
Ariel Sprite with a bodkin spear : 

" Know, then, unnumbered Gnomes around thee fly, 
The light Militia of the lower sky." 

A thought echoed by Tennyson's ** Airy navies of the blue." 

In all the recent rapid progress there is one difficulty still 
unsolved ; a name has not been discovered for the flying machine 
of universal acceptance ; and here the poverty comes out of the 
English language in the formation of a new compound word. 

The German calls it a dragon, as in the car of Demeter ; and 
Demoiselle (dragon-fly) is the name given by Santos Dumont to 
his mount. 

The lady of the ** Eape of the Lock," reminded by — 

"Think what an Equipage thou hast in Air, 
And view with scoi;n two Pages and a Chair." 

might say then, " Bring the dragon-fly round to the door," or 
dragon instead of the brougham. 
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Santos Dumont takes the dragon-fly as his mechanical model ; 
but the two inches of length of the insect becomes twenty-four 
feet in the Demoiselle, a linear scale of 144 to 1, and the speed 
must be raised twelve-fold, to over sixty miles an hour, from five 
or six in the dragon-fly. 

Size and weight mount up, then, 144 times 144 times 144 times, 
three million -fold, and a few grains in the fly become nearly half 
a ton in the Demoiselle. And the power required is another 
twelve times more, so we have to multiply by twelve seven times 
over, thirty-six million times, to go from the horse power of the 
fly to the dragon. 

This is the simple calculation which the mathematician has 
brought to the attention of the mechanical enthusiast, and 
so. the mathematician, as Clifford or Herbert Spencer, 
is accused of proving that Human Flight was an impossi- 
bility. 

And so it was, as a retrospect of the last few years will show. 
It was impossible till the motor was available, strong and light 
enough to lift itself and three- or four-fold weight, including a 
man pilot. For the development of the motor we have to 
thank the Associated Motor Car industry, but for which we 
should still be waiting. 

Such a mechanical genius as Maxim, working about fifteen 
years ago, and with unlimited resources, was not able to achieve 
a flight, and so we may be sure no one else could. A few poor 
aeronautical enthusiasts might still be working, and for a hundred 
years more, without arriving at a result presented to them now 
ready made. 

' All such experimenters, however, were doing valuable work in 
preparing the way for success, Langley for instance, subsidised 
by the American Government, so that the moment the motor was 
available, man could fly. 

But not with one man power, as in the artist's picture. The 
pilot likes to ride on 50 horse-power at least, and the power is 
mounting up to 100 horse-power and more, before he will secure 
the speed to become the real mechanical enlargement of the 
model dragon-fly. 

Eoger Bacon has described the direction he would like to 
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follow in his inventions, impossible to carry out in his own 
day from lack of mechanical skill. 

Beginning with the Motor Car, he would follow on with the 
Flying Machine, and then the Diving Dress, and the Suspension 
Bridge perhaps. But Bacon is as cautious as Herodotus in 
distinguishing between what he has heard only, and seen him- 
self, as we read in these extracts — 

De secretis operibus artis et naturae, Caput IV. 

De instrumentis artificiosis mirabilibus. 

— Currus etiam possent fieri ut sine animali moveantur cum impetu inaestima- 
bili, ut existimantur currus falcati fuisse quibus antiquitus pugnabatur. 

Possunt etiam fieri instrumenta volandi, et homo sedens in medio instrumenti 
revolvens aliquod ingenium, per quod alae artificialiter compositae aerem verberent, 
ad modum avis volantis. 

Possunt etiam fieri instrumenta ambulandi in mari et in fluviis ad fundum sine 
periculo corporali. Nam Alexander magnus his usus est, ut secreta maris videret, 
secundum quod Ethicus narrat astronomus. 

Haec autera facta sunt antiquitus, et nostris temporibus. 

Et certum est, prseter instruirentum volandi quod non vidi nee hominem qui 
vidisset cognovi, sed sapientem qui hoc aitificium excogitavit explicite cognosco. 



(British Museum M.S.) 
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LECTURE I 

GENERAL TRINCIPLES OF FLIGHT, LIGHT AND DRIFT 

A SIMPLE preliminary calculation will show the requirements 
indispensable for a flight in the air of an aeroplane machine. 

Take an aeroplane, AA\ rectangular, moving horizontally 
at a slope a in still air with velocity Q f/s (feet per second) 
(Figs. 1, 2, 4). 

This is the velocity as observed by a spectator standing on 
the ground. 

But the pilot on his seat, looking ahead, is unconscious of his 
own motion, and feels the air blowing past with velocity Q f/s; 
and the dynamical problem is the same from each point of 
view : of the pilot who thinks himself stationary, as a Wright 
glider, and the air blowing past, or of the spectator standing 
in still air, and watching the pilot flying past with velocity Q f/s. 

But when the spectator is standing in a wind blowing over 
the ground with velocity W f/s, he will notice a difference in 
the speed of the machine, Q + W f/s, according as it is flying 
up the wind or down. 

The pilot, however, will not be aware of a difference any more 
than a bird in a gale, as his machine cleaves the air with the 
same speed as before. 

Suppose a bird then, or an aviator is to make a flight in a 
wind ; he will start for preference against the wind, so as to 
increase his relative velocity, and so rise quicker. It is easier 
then, to rise against the wind than with the wind behind ; and 
to alight also, provided the pilot does not descend into a region 
of relative calm. 

The aeroplane AA' is now supposed up in the air, with the 
wind blowing past it at Q f/s ; and a pressure difference arises 
in consequence, which gives a resultant thrust, T lb, on the 
under side of the plane. 
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GENEEAL PEINCIPLES OF FLIGHT 9 

The vertical component, T cos a, is called the Lift, as it is 
required to lift the weight, W lb ; and T sin a, the horizontal 




component, is called the Drift, and this drift has to be overcome 
by the thrust of the screw, working at 

{1) T sin a ^^, effective horse power (E.H.P.) 



reckoning 1 H.P. at 550 ft-lb/sec, that is, 33,000 ft-lb/min 
on Watt's estimate. The ratio then of 
Q 



<2) E.H.P. 



T sin a 



500 Q tan a 



Q 



or 



lift 



500 w 



lift ~ T cos a "" 550 "" 550 n' "" E.H.P. " Q 
if the slope of the aeroplane is reckoned at 1 in n; but 
it is prudent to double the E.H.P. to arrive at an estimate 
of the I.H.P. (indicated horse power), reckoning engine and 
propeller efficiency at 50 per cent. 
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10 THE DYNAMICS OF MECHANICAL FLIGHT 

When the speed is given by S in m/h (miles an hour) the 
factor 550 is replaced by 875, which is 83,000 ~ 88, as 1 mile 
an hour is 88 feet per minute. 




If the weight to be lifted is m times the weight of the motor, 
the motor must weigh 

(3) ^^ Ib/E.H.P. 

to be halved with 50 per cent, efficiency to 

(4) III lb/I.H.P. 

80 that at >S = 40 m/h, say Q = 60 f/s, and with n = 5, m = 2, 
as in Maxim's machine, the motor must weigh 

550 X 5 _ 2,750 ., iu/ttj-d 

2x60x2 -^40--^^y"> ^^Z^-^-^-' 
the figure given by Maxim ; and Herbert Spencer and Clifford 
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11 



could tell the aeronaut with certainty that his ideal must 
await the motor which could be brought down to this weight, 
"1,1 Ib/LH.P., and lower still, before his machine could fly. 

The petrol motor had not come to any perfection in the day 
of Maxim's experiment, 1895, and so he was obliged to carry a 
boiler up with his engine. This implied a great increase in size 
all round, so that Maxim's machine (Fig. 3) weighed close on 
four tons, quite unmanageable in the light of modern experience. 

An aviator is akin to the imperfect orator, as his chief 
difl&culty arises when he wants to get down ; and the shock of 
landing of four tons rather abruptly would be terrifying, with 
a boiler close by full of steam at 275 lb/inch^ 




Fig. 3. 



A modern locomotive will weigh complete about 80 tons, and 
.will indicate 1,000 H.P. at 50 to 60 m/h ; the 

H.P./ton is then 12-5, and the Ib/H.P. = ^|^ = 180, 

so that no locomotive can be expected to fly, still less a marine 
engine, with its additional weight of condenser. 

This simple arithmetical calculation, of Herbert Spencer and 
Clifford, it can hardly be called mathematical, is enough to show 
why mankind was compelled to await the advent of the light 
petrol motor; and man might still be waiting, but for the 
previous development of the motor car. 

A list is given here of the chief dimensions of the early 
pioneering machines; the list can be added to, and brought up 
to date with each successive pattern and development. 
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12 THE DYNAMICS OF MECHANICAL PLIGHT 





Maxim. 


Weight. 


Fabman. 




(jVafMro, 
Aug. 1, 1895.) 


(Details missing.) 


Oct. 10, 1909.) 


Speed S (m/h) ... 


40 


— 


45 


Q m 


60 


— 


66 


Wing Area A (ft=») 


4000 


— 


410 (biplane) 


Slope 1 inn — ... 


4 to 5 


— 


— 


Lift or Weight, lb, 


10,000—8,000 


— 


1,212 + pilot 


Drift, lb, 


2,000 


— 


— 


LH.P. 

Lift ~ 


M^s^'^o.s 




— 


I.H.P 


384 




— 


Weight of Motor ... 


4,000 


— 


— 


inlb/H.P. 


11 


— 


— 
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• 








VOISIN. 

^Flight, 
Aug. 14, 1909.) 


Antoinette. 

(.Flight, 
Oct. 20, 1909.) 


Blbbiot. 

(Flight, 
July 31, 1909.) 


Santos-Dumont 

Demoiselle. 

(Flight, 

Oct. 2 and 9, 1909.) 


450 (biplane) 


365 


200 


115 


1,150 


1,040 + pilot 


700 


400 


230 


— 


140 


, 80 


55 





84 


20 


400 


— 


200 


110 


8 


— 


6 


5-5 
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14 THE DYNAMICS OF MECHANICAL FLIGHT 

But; in the machine of the present day the H.P. of the motor 
has risen from 75 to 150, and the weight to over 500 kg, 
or half a ton. 

The diagrams. Fig. 1 of a monoplane, and Fig. 2 of a biplane, 
are based on figures in the aeronautical journal Flighty as well 
as the numerical data above. 

The year 1909 may be taken as the epoch when the dreams of 
fancy were realised which have inspired the artist and poet of 
romance as far back in history as we can trace, through Tennyson, 
Chaucer, up to Homer and his unknown predecessor, Egyptian, 
Babylonian, and Chaldaean. 

But now anxiety is past for the motor, we can calculate 
dimension and design for a given weight or lift at a speed 
assigned ; and the first mathematical requirement is a deter- 
mination of the thrust T lb, over an area A ft^, driven through 
the air with velocity Q f/s, at a slope a or 1 in n. 

An exact mathematical treatment brings in the Schwarz- 
Christoffel theory of conformal representation (mapping), and 
its first application by Helmoltz and Kirchhoff to the stream lines 
of liquid through an orifice or past a barrier, and of the 
discontinuity arising at an edge. 

This theory will represent the substance of these Lectures ; 
but we may lead up to it through the ancient assumption of 
Newton, which treats the medium as devoid of rigidity ; in the 
language of the " Principia," p. 219, second edition ; 

" In Mediis quae rigore omni vacant resistantiae corporum sunt in duplicata 
latione velocitatum." 

The medium of air is taken then to behave like a cloud of 
particle dust, as assumed also in the modern kinetic theory of 
a gas. 

Taking C ft^ of the medium to weigh 1 lb, we say that the 
specific volume (S.V.) is C ft^/lb. 

Thus, for air in a room, 12 to 13 ft^ weigh 1 lb ; an 
average S.V. of 12-5 ft^/ lb, or 28,000 ft^ ton. 

A room 30 feet cube will then contain nearly a ton of air. 
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GENEEAL PRINCIPLES OF FLIGHT 15 

The density of air would thus be 0*08 Ib/ft^, but, as usual in 
all calculation, we prefer to work with the integers of the 
reciprocal. 

If the plane is A ft^ in area, and sloped at an angle a, the 
vertical aspect in front elevation is A sin a ft ; and the air 
received on the plane is 

OA 

(5) . QA sin a ft ^sec, or ^ sin a, lb/sec. 

Taking the air particles as inelastic, they slide along the plane 
after impact without interference ; their momentum perpen- 
dicular to the plane is reduced to zero ; so that in t seconds, 
the thrust Tib will generate or destroy Tt sec/lb of momentum 

O A 
in reducing ^ — t sin a lb from velocity Q sin a to ; and 

then 

(6) T^ = ^ ^ sin a 9^^^ T = i^sin^a, lb. 

C g G g 

The gravitation measure of force and momentum is employed, 
as in all engineering calculation. 

The theory is exact when the direction of the leaving stream 
is compelled to be parallel to the plane, as would be the case 
for a horizontal jet of vertical cross-section B = ^ sin a ft, 
if it was received on a plane barrier of unlimited extent, and then 

(7) ' T = ?,^ sin a, lb. 

C g 

The theory can be employed in all calculations of hydraulic 
machinery, as a turbine or Pelton wheel (and a screw propeller), 
where the water is compelled to follow a definite path. 

Later on an examination will be made of the action of a screw 
propeller, and the various theories that have been advanced ; 
and the theory which seems to hold the ground with the naval 
architect is the one given by Rankine in the *' Transactions of 
the Institution of Naval Architects, 1865,'* in which it appears 
that Rankine's formula is a direct result of the Newtonian theory 
and assumption just stated. 



Digitized by VjOOQIC 



16 THE DYNAMICS OF MECHANICAL FLIGHT 

In air the particles may be supposed elastic, endowed with a 
coefficient of restitution e ;. and this makes 

(8) T = (1 + e) ^ ^ sin2 ^^ lb, 

or 

(9) |=(l + .)g8in2a, Ib/ft;^ 

On this assumption for an aeroplane, the lift or weight which 
can be lifted is 

(10) TT = T cos a = (1 + e) ^^ sin2 ^ cos a, lb, 
at a rate 

(11) ^ = (1 + e) ^ sin2 a cos a, lb/ft2, 
and to overcome the drift T sin a, the 

(12) H.P./ft^ ^f sin a |g = (1 + .) 53«^ sinB ,. 

In a numerical calculation it is convenient to take, in round 
numbers, 

(13) ^ = 32 f/s2, with C = 12*5 ft^/lb, 

for air, as this makes 

(14) Cg = 400, 
so that we can write 

(15) f=(i+«)(^y' '^^''' 

/ic\ XT -D /f^9 /I , x/Qsin a\2 Q sin a 20 ,-, , v/Osina\^ 
(16) H.P./ft- = (1 + e)^^20 •-) ^^55ir = 560 ^^ "^ '\^) 

With normal impact a = 90°, and even with g = 0, this 
gives 

(1^) z = (ir = ^^ (mr ''^^'''' 

a wind of 20 f/s giving a pressure of 1 Ib/ft^ ; or if the velocity 
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Q f/s is the equivalent of S m/h, 

(18) A = ^, O = ?? S, 

^ ' 60 88' ^ 15 ' 

Normal atmosphere pressure is reckoned at 15 lb/inch^, which 
is 2,160 lb/ft2, nearly 1 ton/ft.^ 

But even at a speed ot S = 100 m/h, the normal pressure 
in (19) is 54 Ib/ft^ which is only :j'5th of an atmosphere, or 
I inch in the mercury barometer, so that air compression may be 
ignored, and the density taken as uniform, until we come to the 
high velocity usual in the screw propeller. 

These numbers, even with e = 0, are greatly in excess of the 
result of recent experiment and theory ; although at the Forth 
Bridge, in a gale of 78 m/h, a pressure of 70 Ib/ft^ was recorded ; 
but this abnormal result may be attributed to gustiness. 

To drive the plane normally would then require 

(20) H.P./ft - ^20J 550 - 22D Vioj " -22oirOO; ' 

(loo)' 



say4.5(j«gy,orUr-£V 



On the other hand, with the thrust varying as the square 
of sin a, the formula gives numbers much too low at a small 
slope of the plane. 

Apply the formulas to Maxim's machine, where the area 
A = 4,000 ft^ at a slope of 1 in 5, so that 

sin a or tan a = ^' and cos a = 0*98 may be replaced by unity. 
5 

At a speed of Q = 100 f/s the lift would be 4,000 lb, only 

half the weight to be lifted, so that the wing area should be 

double, 8,000 ft^; and the E.H.P. would be ^^ x ^, say 

150, requiring nearly the full I.H.P. of 360, with a propulsive 
efficiency of 40 per cent. ; this would prove that the machine 
cannot leave the ground at this speed. 

M.F. 
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But the modern mathematical theory of Kirchhoff, to which 
we return later, confirmed by Langley's experiments, proves that 
the lift is given more nearly by 

(21) A l^^y i ^ sin a, instead of A (^^ sin« a, 

so that for a small angle a the lift varies more nearly as sin a 
than ( sin a y, much greater than given by the ancient theory. 

Applying this again to Maxim's machine at a speed Q = 100 f /s, 
the lift 

(22) T = 4,000 (^^y X 0-7854 x 0-2 = 16,0001b, 

double the weight to be lifted ; and if the speed is reduced to 
8=4:5 m/h, Q = 66 f/s, the lift is halved, and the machine could 
rise at this speed, with the engines working up to full 360 H.P. 

But at Baldwyn's Park, the run of about a quarter of a mile 
was not long enough to get up this speed. 



Fig. 4. 
For normal incidence on Kirchhofifs theory the factor 

(23) ^_i^ = 0-44._^. 

is required to reduce Newton's coefiicient ; this makes the 
formula for wind pressure 
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(24) 0-44 X 54 (-|)^ = 24 (^1^)' lb/ft« 



^2 



(S \^ 
Y?^] , as given by Stanton and Eiffel. 

The wide divergence of the Newton formula is explained on the 
Kirchhoff theory by the shape of the stream lines, AJ and ^'J', 
as they leave an edge, A and A\ of the barrier AA\ These are 
not straight and in the line AA\ as in Newton's theory, but 
curved backward, as in Fig. 4, forming a skin or bounding 
surface between the wind and the dead air behind the barrier. 

(Experiment with a knife-blade held in the jet of water from 
a tap.) 

We proceed now to the object advertised in those Lectures, the 
determination of the Stream Lines past a Plane Barrier, and 
of the Discontinuity arising at an Edge (Report 19, Advisory 
Committee for Aeronautics, Wyman, Fetter Lane, E.G., 1910) 
as it is determined by recent mathematical research; and a 
digression must be made on the history of the subject inaugurated 
by Helmholtz and Kirchhoff, about 1868. 

Although Helmholtz was the pioneer of the theory, in 1868, 
we begin with the result arrived at by Kirchhoff, about a year 
after, in 1869, as it gives a solution for an aeroplane AA^ 
<Fig. 4.) 

The stream of air, coming from infinity at I with relative 
velocity Q, is split along a curved stream line IB, and divides at 
B on AA' into the two stream lines BAJ and BA'J\ where AJ 
and A'J^ are curved stream lines proceeding from the edge A 
and A\ 

Along AJ and A' J' the velocity must be constant and equal 
to Q, so as to ensure that the pressure in the dead air behind 
A A' is the constant atmospheric pressure; and the analytical 
difficulty is to secure this condition, a difficulty which Kirchhoff 
was the first to overcome. 

c2 
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Kirchhoff's result states that the motion of the medium, treated 
as homogeneous, is given by 

(25) ch 12 = cos a + ^ 



J{ws - toy 

where a denotes the angle the stream at IJJ' makes with the 
plane AA\ and N is a constant. 

In the notation of this subject 
(26) z = X + yif w == <j> -]- ij/i, 

<!> denoting the velocity function at the points {x, y) such that 

the velocity q is given by the downward gradient — -i— of the 

function 4> , and y\f is the conjugate stream function, constant 
along a stream line. 

Also, if the velocity q at {x,y) makes an angle 6 with Oxy 

and then 

(28) ^ = ^ + i fA = _ ^ eos ^ + i g sin ^. 
^ ' dz ax ax 

The function Cand 12 is now introduced, defined by 

(29) " = ^ =- Q^ =-9(cos^ + isin6>)= ^ e ^'• 
^ ^ e * dw q ^ 9 



(30) 12 = log ^ + Oi. 

(31) ch 12 = ch log 2 cos ^ + i sh log 9. sin $, 
to be employed in equation (25). 



Digitized by VjOOQIC 
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Along the dividing stream line we take 

(32) ij/ = 0, Ws - w =: <l>s - <k» 
and from 7 to -B 

(33) CO > <t> > <t>By <t>B - <t> ^^ negative, \/{^~'f^) imaginary, 
so that 

(34) ch log ^ cos ^ = cos a, sh log ^ sin ^ = , , — =1—- . 

Bat beyond B 

(35) <f>B > <l> > - CO, \^(<f>B — ^) aiid ^/{Wb - w) is real 

sh log ^ sin ^ = 0, 

so that either 

(36) sin ^ = 0, ^ = along BA, = it along BA'; 
or else 

(37) 8h log ^ = 0, ^ = 1, 5 = 0, 

as required along the stream line A J and 4' J' ; and then 

(38) ch log !^ = 1, cos ^ - cos a = ^^ 



Along the stream line AJ 

(39) g = - g, </>^ - <^ = Qs, 
if the arc ^P = s is measured from Ay and 

(40) Qs =^ <t>^ - <t>B + <l>B- <t> = <t>A- <I>B+ ^' 



(cos 6 — cos a) 

^nT 1 ^1 

L(C0S - cos a)2 (1 - cos a)2j 

the intrinsic equation of the stream A^J' with 0<^<a; 
with a similar expression for A'J\ 
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For normal incidence (Fig. 5) a =90°, cos a = 0, and the 
curve A J 18 the evolute of a catenary, given by the intrinsic 
equation 

Qs = N^ tan2 0, s = c tan2 0. 

The theory requires the existence of the counter current BA' 
{nappe dorsale in French), passing over the attacking front edge 
A* of the plane AA* ) this nappe doi'sale is usually omitted in 
the diagram of popular explanation as insensible, but the 
existence is revealed in a photograph of a current, either of air 
or water. 




Fig. 5. 

It will be proved in the sequel that 

(AVi ^^' = i(l — cos g) — ^ sin g sin 2 g -t- ^ g sin a 
^ ^ Al' ^ 1 + i TT sin g 

and at a small angle a, in radians, we may replace 

(42) g by sin g + i'sin^ g, and cos g by 1 - J sin^ g — ^ sin^ g, 
giving the approximation 

(43) ]i^' = i8^^^'" 



Thus at a slope of 1 in 5, 



44 



BA' 



sin g = 0-2, -jj 



2,000 



0-0005 
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and even at 2 in 5, 

BA' 

(45) sin a = 0-4, -^jjr = 0-008; 

so that the counter current would still be hardly perceptible. 
But with normal incidence (Fig. 5), 

(46) a = i TT, sin a = 1, 23" "" *' 

and the current divides equally. 

Anticipating other results of Kirchhoff's theory, to be proved 
hereafter, we find 

(^^) A = C-g l + i.sina ^ 1^^^ versus ^ = ^ sin^ a, 

of the ancient theory ; also that the centre of pressure L is in 
front of F the centre of AA\ between F and A', where 

/jr»\ FL -At cos a T-jT -. 

(48) -r-n = i— Pi ■' , versus FL = 0. 

^ ^ AA 1 + J TT sin a 

The look of these formulas (47) and (48) suggests a geometrical 
representation, as in Fig. 6, associated with the ellipse, whose 
focal polar equation is 

i2 I 

(^^) ^ "" a + c cos ^ ~ 1 + e cos ^' 



(50) cos = sin a, and eccentricity e = i tt = 0-7854, or ^. 

Take FX as the unit to represent ^ geometrically, the average 

Lg 

pressure in Ib/fi^ on Newton's theory for normal incidence, 
a = J 77 ; and make 

/^1 \ -^^Q 1 FA _^ i TT _ ^ . . 
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Draw the ellipse APLo, with focus F, vertex A, semi-latus 
rectum FLo, and eccentricity J tt. Draw the semicircle FQX on 
the diameter FX, cutting FP in Q. Then 
T T 



LP 



A 



LP' 



A J7rsin_a — . 

(52) ^ = i+.j^8in„= J^ g^ = 8^^' « = LX ' 

if QP' is drawn parallel to FL ; so that the curves L^PA 
LoP'X represent T and T' graphically. 
N 






A 






Fig. 6. 




FL 


FP 


cos a 


FL- 


- FL,"^"^ 1 - 


f J IT sin o 



Also 
(53) 

giving L the centre of pressure when FL^ is ^ the breadth 
of the plane AA^ ; and L lies inside the middle f of -4^4'. 

This can be verified experimentally with a plane plate AA^ in 
a current of water ; pivoted like a balanced rudder about an axis 
through L, and then measuring a. 

If L coincides with F, the plane sets itself at right angles 
to the current with a = J -tt ; as L moves away from F, a dimin- 
ishes to zero when FL = ^AA^; as L is placed still further 
away from F, the plane AA^ still remains in the line of the 
stream. 
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The vane of a weathercock could thus be pivoted so as to point 
at any assigned angle with the wind ; pivoted at the centre F 
the vane would set itself across the wind. 

The movement of L towards the leading edge A' shows why a 
flat plate if free tends to set itself broadside to the relative stream 
as a position of stable equilibrium, seen realised in a falling card 
or leaf ; and it explains the instability of the axial motion of an 
elongated body like a ship. 

The stability of the course of a ship is secured only by a 
constant attention to the helm ; but in a flying machine, by 
increase of Aspect Ratio, making the spread of the wings much 
greater than the axial depth, the vertical rudder requires little 
attention, but the^ vertical stability of the course requires 
incessant control by the horizontal rudder. 

The curve L^P for moderate value of a is seen running for 
some distance outside the curve L^P' ; and this shows how on 
Kirchhoflfs treatment the lift may be obtained with a wing area 
much smaller than was credited on the ancient theory, although 
a smaller pressure is assigned for normal impact. 

For instance, with an average w = 6, and at 46 m/h, 

m\ lb. of hft 375 X 6 

^^^^ thrust H.P. = — i5~ = ^^' 

and on the ancient theory, 

/KKs wing area in ft^ A 1 



Lift in lb ~ T'cosa ~ ,. , .Q^ . 

(1 + e) ^ sm a cos a 
^ ' Gg 

practically 



for a small angle of 1 in n ; and with n = 6, Q = 66, 
Area 36 3-3 



(66) 



Lift -/, ^ weey-i + e' 

varying from 3-3 to 1-65 with e from to 1. 
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This is very much greater than is required in an actual 

400 115 

machine ; Bl6riot takes ^r^rTi ft^/lb, the Demoiselle ^t^Tv ft^/lb. 

But an inspection of the figure shows that at small value of a 
the lift given on the Kirchhoff theory is much greater, requiring 
smaller wing area for given lift, • 

^^-v Wing area 1 1 4- i ?r sin a 

^ ^ Eft "" Toy i TT sin a cos a 

and this can be replaced by 

(58) ^,^L + p,or^r^iiceily-^+l-or -+^ 



^20/ V 100 ) [lOOJ 

This, for n = 6, S = 75, works out to 

7 
/~IHT2> ^^ * little less than 1 ; 

'^ im) 

still much greater, nearly double, than is required in practice for 
wing area per lb of lift. 

The discrepancy is attributed to the gain in eflSciency due to 
camber of the wing ; and a practical formula in general use is 

where n is the slope of the chord of the camber. 

We have shown that the counter current is insensible at the 
leading edge A' of attack ; and as 1 in n is understood as the 
slope of the chord of the camber, the slope at the rear edge A is 
about 2 in n, which reduces the ft^/lb of wing area to a close 
agreement with practice. 

But, as stated in the first clause of Eeport 19, there is no exact 
analytical theory at present for the calculation of a stream past 
a cambered wing, unless of two planes bent at an angle, and here 
the complication becomes almost intractable for practical use. 
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A liberal estimate of petrol and lubricating oil consumed is 
at 1 Ib/H.P. hour, or one gallon per 10 H.P. hour : thus in a 
flight of 100 miles in two hours and a half at 40 m/b with a 
50 H.P. Gnome engine, the quantity required would be 

10.5 
50 X 2J = 125 lb, bulking -^^ = 18-75, say 20 gallons, 

3" 

with a petrol of S.G. §. 
With given lift, n varies as Q'^, making the 

H.P. Q 1_ 

lb - bbOn^ g' 

and the hours of a journey varying inversely as Q, the H.P. 
hours vary inversely as Q^ ; so that about half the petrol is 
required to be carried if the speed over the journey is increased 
from 40 to 60. 

On the ancient theory, n^ varies as Q^, making the H.P./lb 
constant, and the H.P. hours of a journey, and the petrol to be 
carried, inversely as the speed, or two-thirds for an increase of 
speed from 40 to 60 m/h. 

This calculation ignores friction and head resistance, but it 
indicates in a general way the advantage and economy of high 
speed in flight. 

Stability too is improved by speed, as well as economy in fuel. 



Digitized by VjOOQIC 



LECTUEE II 

CALCULATION OF THRUST AND CENTRE OF PRESSURE OF 
AN AEROPLANE 

The first lecture was confined to generalities, and mathematical 
detail required for a complete study of the subject, was avoided 
as much as possible. 

But now we begin with a description of the Schwarz-Christoffel 
method of Conformal Eepresentation, or Mapping, which shows 
us how to re-invent the original Helmholz-Kirchhofif solutions, 
and to extend them with ease and certainty to a large number of 
similar problems of greater generality, for which Eeport 19 may 
be consulted, on the Stream Line past a Plane Barrier ^ 1910. 

The notation required has been given already in Lecture I., and 
we now proceed to state the theorem of Conformal Eepresentation 
in the essential form as required for the subsequent application. 

A point P, whose position is given by the vector z=zx -\' yi,VA 
to travel round a closed polygon or curve ; and it is required to 
represent <2r as a function of some variable w, such that 

(i.) u is real and diminishes from + oo to — oo as P performs a 
circuit of the polygon, 

(ii.) points inside the polygon are to correspond to w = jp + 9.h 
but to u =. p — qi for points outside. 

The relation will be given by 

dz * 

(1) "S = ^ (^^ ~ ^)~" ' 

and the product of factors of the same form ; and here tt = a at a 
corner of the polygon, where the direction, or course, changes 
suddenly through a the exterior angle of the polygon. 
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The representation is called Conformal, because a small square 
on the z diagram corresponds to a small square on the u diagram, 
and the relative bearing of adjacent points is preserved for the 
two maps z and u , as they may be called ; and there is thus no 
distortion although there is rotation and change of scale. 

Conformal representation is then the same problem as 
mapping, and the first application on a large scale was the 
construction of a map on a given system of projection. 

Thus for instance the relation 

(2) z = tan J u 

connects the z stereographic projection of a hemisphere with the tt 
Mercator chart. (Fig. 7.) 



Fm. 7. 

Suppose P travels round the polygon so that the inside is to 
the right hand (" starboard " a sailor would say), as in going round 
the clock ; the angle a is positive when the change of course is^to 
the right or starboard, due to porting the helm. 

If the helm is put to starboard the angle a would be negative. 

Considering a single factor of (1), the relation 

a 

(3) p^=M{u-a)~''' 

where M may be complex, and we put 

(4) M = Ne^ = N (cos + isinO); 
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80 THE DYNAMICS OF MECHANICAL FLIGHT 
and this leads to 



dx 



so that 

<6) 

and P describes a straight hne at an angle with Ox. (Fig. 8.) 



-^ — tan By so long as i^ > a, 
dx 




Fig. t«. 



A< 





-* — 




c 


1 *" 










c 

F 


IG. 9. 


X 



<7) 



But as u passes through a to the other side, where a >«, and 
^t— a negative, 

dz i^ — o^ _ a 

^ = Ne (-1) ir(a-i^) . 

= Ne '^ «-'" (a - u)-i with - 1 = e'" 

= iV^ [cos {$ - a) + i sin (^ - a)] (a --iCf % 



'^^^ 3^ =iV^cos {0 -a)(a-u) ^, ^ = iV^sin {0 -a) (a ~ 2^)--^, 

(9) ^ = tan(^-a), 

;so that P describes a new straight line, at an angle — a with Ox, 
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In the case of a single angle A, an integration gives 

(10) z-z.^M^"" -'''>'"'. 

IT 

The case of a = tt requires special consideration ; here the 
interior angle of the polygon is zero, and the point A is at infinity ; 
the two sides of the polygon are parallel, shown meeting at A in 
the diagram in the conventional way of Euclid I. 27 (Fig 9) ; and 

dz M u — a 

(11) ^ = , z -z, = M\og -. 

^ ^ du u — a* ^ ^ c — a 

If the two sides are parallel to Ox, M is real, and equal to B 
suppose ; and if h is the distance between them, we shall find 

h = 'irB. 

The point P goes ofif to infinity at A along the lower line to 
the left, and returns from infinity towards the right along the 
upper line, as w diminishes through a ; and from (11) 

(12) x^x,+i{y-y,) = B log 'i^l^ 

c — a 



c — a 



^13) 


u — a _ 


X 

= e 


~^( 


V-*-"/ 


c — a 


y 






X 


-«« 




= 


= e 


^ 


which 


requires 







cos ^ ^.^'^ + i sin ^^ VA 

B B J 

( - cos^-^--^ - i sin y-^-^), 



(14) cos ^=-1. sin I =0, 1=., 

80 that the conformal relation for the space between two 
parallel lines in distance h apart is 

(15) ^ - ^. = - log _- . 
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The point P now describes the lower line parallel to Ox from 
right to left, and goes off to infinity on the left hand at A, where 
u = a; it turns the corner here through an angle a=Tt to starboard 
and comes back along another parallel line at a distance h above, 
so as to have the interior of the space between the two parallel 
lines on the right hand. 

The same argument as in (3) applies to each of the corners, 
A, Ai, A2, ... of the polygon, where u = a, ai, ^2, • • • , 
and to each of the factors in (1) so that 

(16) = M {u — a) n {u — a^) ^ u — a^ v . . . , 

and no break occurs in the direction of motion except at the 
factor corresponding to the corner traversed of the polygon, so 
that all the factors may have their variation ignored at this point. 
The integration in (16) now requires special consideration, 
and is not always tractable, as we see in the sequel. 

In the applications to streaming motion we do not consider the 
2 = X + yi polygon, as in the Electrical Applications given in 
J. J. Thomson's Eesearches; but we draw the polygon for 

w = <t> + xj/ i, and fi = log ^ -f *, 

and determine the conformal representation of each in terms of 
the same variable u by means of the appropriate expression for 

— and ^formed as in (1). 
dit du 

Herein is the great improvement on the original method of 
Helmholtz and Kirchhoff, introduced by J. T. Michell, Phil. 
Trans., 1890, and improved by A. E. H. Love, Proc. Cam. Phil. 
Soc, 1891. 

Then if we have found ?(; =f{u\ D.z= F (u) by an integration, 

and another integration will give -e as a function of u ; but this 
integration need not be carried out, except when required for the 
determination of a geometrical length on the diagram. 
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The fluid is bounded by one or more stream lines, over which yjf 
is constant, and represented by parallel lines in the w diagram, 
and the angle a in the w polygon is either + -tt or — -tt, so that 

(18) -^ = product of factors of the form (u — a) or {u — b) 

which can be resolved into a quotient and partial fractions 
of the form 

M 
u — a 

Now, considering the X2 polygon, where 

(19) Q = log9. + ei, 

the 12 polygon is composed either of parallel lines of constant 
and variable log—, corresponding to a boundary or barrier of Zy 
or else a line at right angles of constant velocity g=Q, making 
log— = 0, while is variable, as over the free surface of a jet. 

ei 
Here is the advantage of i2 = log C over C = - e , as con- 
stant q = Q would give an arc of a circle on the C diagram, 
and would be constant along a radius ; and so the procedure of 
Helmholtz and Kirchhofif in employing C is not the simplest, and 
was much improved by Planck's idea of using log C= X2. 

Begin with the application to Kirchhoff's problem, where a 
plane barrier A A' like an aeroplane is placed at an angle a 
across an infinite current of fluid, moving when undisturbed with 
velocity Q. 

In the disturbed motion a wake is formed in rear of AA\ 
which may be supposed still or turbulent, but at constant 
atmospheric pressure ; and the wake is bounded by the two 
free surfaces A J, A^J', extending to infinity at J and J', over 
which the pressure is constant and atmospheric. 

M.F. D 
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The fluid is bounded by the single stream line JABA^J\ over 
which we take ^r = (Fig. 10). 
' At the branch point B, where the stream divides, the velocity is 

zero, and -J— = when u = b. 

The w diagram consists of the single straight line ^ = 0, but 
doubled back on itself at ti = ??, so that coming from infinity at j 
along the under side of the line with the area to the right, a turn 
to port must be made on arriving at b by starboarding the helm 
and the turn must be made through two right angles to return 
along the upper side of the line, making a=: — tt. 

As ti = Z? at the only corner of the iv diagram, 

(20) ^ = M {t$ - h)^-:;r = M{u-b), w- Ws= iM{u - by 
and it is convenient to take JM == — 1, 

(21) ws - w = {u - b)\ 

as before in (25), Lecture I. 

The dotted line bi in the prolongation corresponds to the part 
of the stream line ^ = along the curved dividing line BI in 
the stream, but this does not form part of the boundary, and 
along it, Wb — w is negative, 

(22) u = b + i J(w - Ws). 

which is imaginary. 

On the X2 diagram, as u diminishes from j to a, 

q = Q, log— = 0, and diminishes from a to 0, so that the 

line ja is described. 

Passing from a to b, = 0, and ab is described at right 

angles, and extending to infinity, since q = Sit b, log — = oo . 

As u passes through b, 6 changes suddenly from to tt, so 
that the 12 diagram continues in a straight line 6 a' at a height -n- 

above ab, and arrives at a' on the line aj a' where log — == 0. 
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86 



Beyond a\ from a! to j, log — = 0, and Q diminishes from is 

to a, so that/ rejoins/ and the circuit is complete. 

Then in accordance with the fundamental theorem (1) of 
conformal representation, 

-1— is composed of the factors (u — h)' , (u — a)~ , (u — a')~ 5 
(23) 



N 



dil 

du u — b <\/{u — a,u — a') 




® 







b 




— ^ 


a 


b/.. — 




J 


^!^"\ 




7 



® 



/; 



Fig. 10. 



In the neighbourhood of w = h, when the chief variation is due 
to u — &, we may replace n — a, n — a! by h — a, h — a', and put 



(24) 



do, 



N 



du u - h ^/{h — a ,b — a' f 



and since 12 increases by ir as u diminishes through 6, equation 
(14) shows that 

N 



(25) 
<26) 



= 1, 



^{b - a,b - a') 

do _ 1 / b - a.b — a' 

'du u — b V u — a,u — a'' 



d2 
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Integrating 

(27)- Q^2oh-'A/'^-^^-f=2sh-V^'-V^-; 
^^ y a — a.u — y a — a.u — o 

^{a — h,u — a')+ ^/{al — h , u — a ) 
= ^^^8 V{a -^a'.u^ b) 

^ log v^(^ -b.u-a')+ Via' -b.u-a) 
\^{a — b.u — a') — \/{a' — b,u — a) 

by theorems, of the Integral Calculus, which ought to be familiar 
to the student of this subject. 
At u = J, X2 = at, 



(28) oh^i^ cos i a = J ":~l:{~i 

V a — a .J — o 

shiai = i sinia =*• A-fl^V;-^ 
\/ a — a .J — b 

and it is convenient to take j = oo , making 

(29) cos i a = a/^^ si^ i ^ = A /^^' 

(30) ch J a = cos i a^J^', Sh J a = sin i a^^, 

(31) ch « = ch2 1 n + sh2 J « 

a — a' 



= cos a + sm2 a 



?» 



as stated before in (25) I. ; also 

(32) _0^=^ = ^^^^=e" 

aw q 

Over the plane AA\ a >u ^a^d =0, dz = dx, 

(33) Q (^a; = - t,dw 

= 2[cosia V (w - «') + sin^tt V (a - -w)] 2e^2^, 
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and integrating with respect to u, from a' to a, 

(34) Q.AA'= [" [2cos^a{u^a') + 2&m^^a{a^u) 

J a' 

+ 2 sin a a/ {a — u. u — a')] du 
= cos2 i a (a - a')2 + sin2 ^ a (a - a'Y + sin a } tt (a - a')2, 

since the last integral represents graphically sin a times the 
area of a circle on the diameter a— a' ; and 

(35) AA' = {l + i^ sin a)^^L^-^. 




a 

j^£«Kj* a-t/ -J 

U. a-fl' H 

Fia. 11. 

To express any length such as A'P = x, as a function of m, 
it is convenient to introduce a variable angle (f) (not to be confused 
with the velocity function <f> ), as shown in the diagram (Fig. 11); 

(36) a '-u = {a- a') cos2 J<^, u ^ a' = {a - a') sin2 i <^, 

du = (a — a') ^ sin <f> dKf>. 

(37) Qdx = (a - ay sin2 ^ (a + <^) sin ^ cZ ^ 

.oQx dx _ sin^ ^ (g + ^) sin <^ t^ <^ 

^ ^ AA^ 1 + i TT sin a 

_ J sin <^ — J cos a cos <^ sin <^ + J sin a sin^ <l> j, 
1 + J TT sin a 

,qqx P-4' __ ^ (1 — cos <!>) — i cos g sin^ ^ -f ^ sin a (<^ — sin <^ cos ^ 
^ ^ Zr= l + iTTsina 

and -j-Tfis obtained as in (41), Lecture I., by putting ^ = a. 

As the velocity diminishes from Q on the skin of the jet at 
atmospheric pressure to q something less in the interior, the 
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dynamic head diminishes by ^ , and the static pressure head 

increases by the same amount ; so that the gauge pressure in the 
interior, the excess over atmospheric pressure, becomes 

Along AA',e = (Fig. 12) 

(41, £=|=[c„,i.y;_^' + ™i.yi^]-, 

i=[-*VH'-»°»«v:-^]'. 

(42) Qdx=- 9dw = 9.2 (u - b) du, 

and the thrast dT in the length dx is given by 

\ _9 9. fu - h\ _ 
Q 



w ''-=^(-$)^ = .-^(-$)|^'«-')''" 



Og\q Q/^ ^ 
= ^. 2 sin a V {O' — u ,u — a') du 

= ^^ sin a (a - a'y sin2 ^ ^^^ 
2 Cg 

and integrating for the thrust T (PA') over PA\ 

(44) T{PA') = -j^ sin a (a - a') 2 (<^ _ sin <^ cos <^) 

(46) T{AA') = — ^ sin a (a - a'y tt 

(46) T(AA') ^ ^ JTrsina ^^,^^3 ^ average pressure, 

^ ^ il^' Cg 1 -hi IT sin a ' ^ ^ 



(47) 



r(Pi4^) ^ <^ - sin <^ cos <^ 

T(^^') TT 



(*«) 5^=^^^^* 
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Taking moments round A' to determine L, 
(49) 



89 



LA\T(AA') = {xdT, 



dT 
• T{AA') 
1 f"" 

l + iTTSmaJo 

+ ^sma(if> — sin <^ cos </>)] — ^^-^^ ? ^ <^ 



= q :; ^ I (1 — cos 6 — i cos a sin^ <f) + i d> sm a 

l + jTrsinaJ^ "* 

— ^ sin a sin </> cos </> — cos 2 </> + cos <^ cos 2 </> 

+ i cos a sin2 </> cos 2 </> — ^ sin a <^ cos 2 <^ 



+ ^ sin a sin </> cos </> cos 2 </>) 



^<^ 




Fig. 12. 
Omitting the terms which vanish by inspection, 
(51) ^^ (1 + i T sin a) = r (1 - J cos a sin2 <^ + ^ <^ sin a 

+ ^ cos a sin2 if> cos 2 <^) — ^ 

= (tt — J TT cos a+J-Ti^sina — Jtt COS a) -f 2 tt 
= i + ^7rsina — -j^ COS a 



(52) 
(53) 



LA' 1 
AA' ^~ 

FL 


■^ COSa- 


1 + ^ TT sin o 

T^COBa 


AA' 


1 + ^ IT sin a 
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This last operation for the determination of L is due to Lord 
Eayleigh; although not so very formidable after all, it must 
have appeared so to the inventor working out these integrations 
for the first time with no knowledge of the result. 

The three integrations, of thrust T, length x, and centre of 
pressure L, are typical of what is required in the other extensions 
of this Kirchhoflf problem, which follow in Keport 19. 

A change of X2 into n£l will give the fluid motion past the 

barrier A A' when it is bent at B to an angle -; and then 

n 

ABA' may replace a cambered wing, touching at A and A\ 

But now the integrations for A'B^ BA become intractable, 

and so also for the thrust T, because 

(54) r = [cos i a^J^-' + sin i ay^-]^ 

(66) Q^=2{u-h)t 

= 2 (t^ — 6) " [cos J a V{u — a') + sin J a V(a — u)]n. 

The lift of an aeroplane A A' arises from the gauge pressure 
on the under face, due to the defect in velocity q, and the opening 
out of the stream lines in Fig. 12. 

The pressure in rear of the plane in its wake is taken as 
atmospheric, up to and along the skin of the bounding stream 
A J and A' J', the air behind being at rest relatively to AA', or 
in a state of vortical turbulence at average atmospheric pressure. 

Any thrust on the plane A A' must be due to an excess of 
pressure over the atmosphere, gauge pressure so called, not 
absolute, on the under attacking face ; this gauge pressure arises 
from a diminution of velocity of q below Q, and diminution of 

dynamic head, from -^ to ~- , and an equivalent rise of static 

pressure head, due to the broadening of the interval between the 
stream lines close to ^^', especially in the neighbourhood of B, 
the branch point. 
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This shows in a general way why L, the C.P. (centre of pressure) 
is away from F, the C.F. (centre of figure) and more towards B, so 
that the tendency of the fluid reaction is to turn the plane more 
broadside to the stream. 

A popular figure of the stream lines past a cambered wing, as 
here in Fig. 13, showing no such broadening, would imply at 
once to our eye an absence of all thrust and lift; the figure 
should be more like Fig. 14. 




Fig. 13. 




Fia. 14. 

In the electrical law of flow where there is no wake, as 
here in Colonel Hippisley's diagram (Fig. 15), the broaden- 
ing of the stream is shown near a branch point ; but as 
the stream lines close in behind symmetrically, there is no 
resultant thrust on the cylinder by the stream tending to 
move it, but a couple only tending to turn the cylinder broad- 
side to the current, arising from excess of pressure near the two 
opposite branch points. 
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The magnitude of the couple on an elliptic cylinder in found to 
3 ^ sin 2a times the weight of the coli 
circular base on a diameter joining the foci. 



be ^ sin 2a times the weight of the column of liquid with a 




Fig. 15. 

The couple is shown experimentally by letting a card drop in 
the air from the horizontal or vertical position, or by projecting 
it with a spin, observing how the card turns gradually into a 
vertical plane. 

So, too, the stability is assured of the forward course of the 
flying machine by making the spread of the wings three or four 
times the depth from front to back. It is supposed, too, that the 
stability can be improved by giving the wings a dihedral angle,* 
as at the top of the stroke of the wings of a bird. 

The existence of a couple on a flat or elongated body moving 
in a medium, air or water, tending to set it broadside to the 
motion is discussed in Thomson and Tait's " Natural Philosophy,'* 
and in the Hydrodynamical Treatises of Basset and Lamb, in a 
treatment rather abstruse. 

But an explanation can be given in the manner called " ele- 
mentary," depending on the principle of momentum. 

Take a body like an elliptic cylinder, as in Colonel Hippisley's 
diagram (Fig. 16), and supposing it moving with velocity Q, and 
velocity components IJ and F, being held so as to prevent 
rotation about the axis of the cylinder. 
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If there is no surrounding medium, the components of 

TJ V 

momentum, W — and W — sec-lb of the body weighing 

if i/ 

W lb will remain unaltered while the centre moves from O to 
0\ so that the vector OH of momentum will move to O'H' 
in the same straight line 00\ and there is no change of 
momentum and no force or constraint is required. 



y 


\__ i 


c,r/ 


J 




^ 




^ 


^ 


^ 


_K 


/ 


F 


>^ 


VlX- 


J 


p. 


^-^ 




C^^_ 




^ 








X 



Fig. 16. 

But if the body is surrounded by a medium, of which it dis- 
places JT' lb, the velocity components C7 and V will give rise to 

U V 

momentum-components in the medium, ciJP —.c^W^—, where 

ci and C2 are different constant numbers depending on the shape 
of the body ; and as the broadside motion will give the greater 
momentum, C2>ci. 

The body must now be held to prevent rotation ; because at 
0' the momentum of the medium has changed from OF to O'F', 
not in the same straight line 00^ ; and the change of momentum 
is the impulse couple Ni = OF . ODy acting on the medium, 
against the clock, OD being the perpendicular on 0'F\ 

The medium reacts on the body with an equal and opposite 
impulse couple Nu tending to set it broadside ; and if t seconds 
is the time from O to O', the impulse couple given by its 
components against the clock is 

(56) N, = c, W -. Ut - c,W' -. Vt 

UV 
= {C2 - Ci) W — t, ft-lb-sec, 
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the accamalated effect in a time t of an incessant couple 

(57) N = {c,- c.) W ^, ft-lb, 

and this is the expression found in Hydrodynamics. 

For an elliptic cylinder, as in the diagram (Fig. 17), it is 
found by theory that 

b a 

(58) c, = - c, =-5; 

and for a length Z ft in a medium of density w Ib/ft^ 
W == TTwabl, 

uv uv 

= TTW (a2 -b^)l — - = W , ft-lb, 

^ ^ g 9 

where W^' is the weight of medium displaced by a cylinder of 
cross section the circle on the diameter SS' joining the foci 

This reduces for a card of breadth 2a, with fc = 0, to 

UV Q2 
(60) N == irwaH — - = p— Aair sin a cos a, 

assuming the electrical law of flow round the edge A and A\ 
But this would be qualified by the factor 



(1 + i TT sin a)2 



in Kirchoflf's discontinuous motion, where the couple, in accor- 
dance with (53), would be 



3 



(61) ^ Aa. sin a cos a ^ ^ J„9i^)f 

The calculation is not simple of ci and C2 for other figures, 
such as a solid of revolution ; but it is required in the discussion 
of the stability of an air ship or submarine boat, in its effect 
on steering and loss of metacentric height. 
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In artillery the theory is useful for determining on gyroscopic 
principles the spin requisite for stability of an elongated shot 
fired from a rifled gun. 




Fig. 17. 

When the external shape is assimilated to a prolate spheroid^ 
generated by the revolution of an ellipse of axes 2a, 26 (Fig. 17), 
and when the length in diameters 2a/2fc is denoted by x, we 
find by hydrodynamical theory, on the electrical law of flow, 

A B 

(62) c, = y^ta: '^ = rn^B' 

where A and B are determined from the equations, 
(63) 4 + 2B = l.x^4 + 2B = ^^^^f^) 

changing for an oblate spheroid, or < 1, to 

X sin-^ \/(l - x') ^ 
V(l - x") 

For a sphere, a; = 1, ^ = jB = J, Ci = C2 = i, and the 
effective inertia of a sphere is increased by half the weight of 
the medium displaced. 

But for broadside motion of a cylinder, a; = od, ^ = 0, 
i? = J, C2 = 1 ; so that the inertia is increased by the weight 
of the medium displaced. 

Thus a spherical balloon or cylindrical air ship of weight TTlb,. 
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displacing TT' lb of air, will start to rise with acceleration 

W" — W W — W 

(64) iW -^W ^' ^^ W-^W ^• 

A spherical bubble of air in water, where W is insensible 
compared with W\ will start up with acceleration 2g. 

A flexible sheet in tension t, separating the current of density 
w from a dead wake of different density w'j as with water past 
air, and flapping like a flag or shivering as a sail, would swing 
in waves of length \ advancing with velocity f7, such that in 
accordance with wave motion theory 

(65) ^ = w{U ^ Qy +w' U'2 

A 

U = ^ n J. / r ^^^ _ ^'^' rn 1 
60 that the waves break up into vortex motion of 
<66) ^^ < -J^ TJ\ 

The practical question arises as to the advantage of a short 
length of fringe or flap at the edge A of the aeroplane, so as to 
retard the formation of a vortex, such as seen at the lee of the 
chimney top. Some such arrangement can be seen in the new 
flying machine. 

In the absence of these wings the equipotential lines of the 
electric field would bend round the barrier symmetrically (as in 
Fig. 18), and IB would be the branch of a hyperbola with foci at 
A and A\ continued on the other branch B' V at zero potential. 

This electric field would represent the analogous streaming 
motion, realised by coloured filaments in Hele Shaw's experi- 
ments, in a viscous liquid, where the motion is slow and no 
perceptible eddy is formed at A and A\ 

The liquid is then said to stream on the electrical law of flow ; 
and the more general case where AA^ opens out into a confocal 
■ellipse is shown in Colonel Hippisley's diagram here (Fig. 15), 
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which can be interpreted electrically as representing the dis- 
turbance in a uniform field by the presence of an elliptic cylinder 
to earth. 

A magnetic interpretation can also be given to his diagram as 
a generalisation of Maxwell's Figure XV., of a magnetised 
cylinder in a uniform magnetic field. 




Fm. 18. 

It is gratifying and of great assistance, too, when the mathe- 
matical analysis of a mechanical question can be made to 
serve in another interpretation ; and so the student of electricity 
should be interested in following up the electrical analogue of this 
hydrodynamical problem. 

We must suppose the uniform horizontal current to represent 
a uniform vertical electrical field, and this field to be disturbed 
by the uninsulated plane strip AA^ ; while the skin stream lines 
AJf A' J' must be replaced by wings of flexible gold or tin foil, 
as in the electrometer, but stretching away to infinity. 

The wake of the plane AA\ which to the pilot seems stationary 
behind him, is being dragged along through the air by the flying 
machine. 

Any machine following which flies into this wake or backwash 
will seem as if it is entering still air ; the lift is lost and the 
machine will drop. This may happen if the pilot is following 
at a different level, above or below, so that in passing another 
machine it is prudent for the pilot to take a course to one side. 
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HBLMHOLTZ-KIRCHHOF THEORY OF A DISCONTINUOUS STREAM LINE 

The normal conditions of the aeroplane of a machine flying 
high up in the air are represented on the Kirchhoflf theory by the 
diagram 4 and 10, representing the state of flow relative to the pilot ; 
the analytical conditions have been discussed in Lecture I. and II., 
and will be found in § 6 of Keport 19. 

But there is an advantage in extending the theory to a more 
general case, and beginning as in Report 19, § 2, with a plane 
barrier oblique to a stream of finite breadth (Fig. 19), as the 
extension is not essentially more complicated, and it throws 
light on the simple case of an infinite stream. 

No change is required in the X2 diagram (Fig. 19), except that 
I, j, j', on aa are now distinct ; but now in the w diagram the 
outside stream lines come from infinity into view, and the 
diagram has the advantage of being closed, as in Euclid I. 27, so 
that the difficulties at infinity are kept under observation. 

In the 10 diagram there are three stream lines in the boundary, 
which we denote by >/r = mi, m^^ m^ ; and ^ = m\ is the outer 
stream line from J to J ; yjr = m^ the inner skin from J to A, from 
A along AA' to the branch point B and then to A', and again 
along A'J'; yjr = rris is the other outer stream line from J' back 
to I. 
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There is also the curved branch IB of the >/r = W2 stream 
line along which the current divides ; but as IB lies in the 
interior of the fluid, and the velocity q and its direction both 
vary along IB, the corresponding part ih in the w and 12 diagram 
must be excluded from the boundary ; ib is straight in the w 
diagram, but curved in the 12 diagram, from h at midway height 
Jtt of a and a', to i at height a. 

J' 




x/^m^ 



Fig. 19. 
The branch point B where the velocity is zero requires 



^^= at it = 6, so that, by 11. (1), 

(1) ^^M ^^^^ . 

^ ' an u— j.u — f.u — I 

_ rrii — rn^ 1 



u -J 



, ma — ma , mg — mi 



u -J 



_ vii — ma 






\i^ — J u — ij IT \u — f u — tj 

when resolved into partial fractions, with the factor appropriate 
for making w change suddenly by mi — m2, ma — m«, mg — ??ii, 
as u passes through j,/, i, in accordance with IF. (15). 

M.F. E 
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Integrating, 

(2) w + a, constant = — log < + -^ ^ log L.; 

and with origin at B, 

(3) w-w^ ^ ^1"^ log "i^. . 5^ 

m^-rn^ y m - j' b - i' 
^ TT ""^ m-i ' b -j" 

and taking i = co simplifies this to 

(4) w-ws^'^-'^log^. + ^-^log^lZl£,. 

TT O — J TT O — J 

The -8? diagram is now as in Fig. 19 , and if ci, C2 denotes the 
breadth of the stream at J and J', where the velocity has become 
uniform and equal to the skin velocity Q, 

(6) Qci = nil — m^, Qc2 = m^ — Tih; 

and putting ci + ca = c, the breadth of the impinging stream 
at I, 

(6) Qc = mi - m^\ 

and the curved part BI of the dividing stream line y\r = m^ 
separates the stream at I into two parts of breadth ci and cg. 
Then we can write 

',(7) .!fL^- =c. log !iJ^.*J^ + Clog ^iJU'.^. 
and at B, where 

<8) « = 6. ^ = 0, 

V^ - J b - tj \u- J u - ij 

and with the sequence 

i {<^) > J > a > b :> a' > j' :> i (—00 ) , 
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If ^ r 



^ ^ ^ ^ ^J_ 1_ " * ^ i • ^ - / 

j — b i — b 

With the value of 12 as before in II. (27), we must write in the 
region i> u> a, 

(10) Q = log 9, + Si 

—1 fa — b . u — a' n- • 1 fb — a' , u — a 

= 2t cos /- — -, — r- = 2* sm-i A / ; r 

\ a — a , u — b y a — a . u — b 

80 that log — = 0, 5 = Q, as required over the skin of IJ and 
JA; and 

(11) cos2Jtf = ^ -, sm2itf = ; =- 

^ ' ^ a — a* , u — b a — a , tc — b 

and yjr being constant, 

(12) ^^^^d^ds^ _ g^,z(; = constant -Q5; 
^ ^ aw a-?^ as at^ ^ aw 

and thence the intrinsic equation is derived of IJ and J A, as 
given in § 2, Report 19. 

The linear scale of the diagram is calculated as explained in 
§ 8 by an integration, expressed in terms of the arbitrary 
constants a, a\ 6, ;, j', i, in a transcendental form, from which 
the length AA\ AB, BA* is calculated, and the angle a, ^, 
j3', at which the stream from I is received by the plane and 
leaves it again at J, J\ 

The inverse process to determine the constants a, a', 6, j, f, i 
from the dimensions of the diagram would be intractable 
analytically, and would require the trial and error process. 

The thrust T is obtained immediately in this case, and with- 
out integration, by the principle of momentum ; resolving 
perpendicular to the plane A A/ 

E 2 
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Q 



Q .:. 



(13) T = (Wi - Wg) ^ sina - (mi - rn^ Q~g sin p 

Q 
- (Wa- ?W8)^siny3' 

ga . . . , 

= -jor (c sin a — Ci sm y3 — Cj siny3 ). 

Resolving parallel to the plane 

(14) = (wi - TWg) ^ cos a — (wi — w^) ^ cos y3 - '{m^ — m^ 



(15) 



^cosA 
= c cos a — Ci cosy3 — c^ cos 3'> 



which is found to verif3\ 

But the determination of L the C.P. is intractable for a 
stream of finite breadth. 




Fig. 20. 

The extreme case of an infinite barrier AA^ receiving the 
impact of a jet of finite width is obtained, as shown in Fig. 20^ 
by makings = a, j' =a'. 

Duplication in A A' with the motion reversed will give the 
direct impact of two unequal jets with equal velocity, as in 
Fig. 21. 

A simple experimental illustration can be given of these 
problems with a blade held in a jet of water from a tap, or with 
impinging gas jets. 
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To return to an aeroplane high up in the air, in a relative 
current of infinite breadth, we must take i, j, f equal, and the 

integration of -j— leads to an algebraical relation for w, not 

logarithmic ; 

and writing J ilf = (i — fc)^, 

(17) w^w^ = (u-bfil^^\ 

and then, as in (21) II., by taking i = oo , 

(18) w ^Wb-- {^c- by. 




Fia. 21. 



But it is quite as simple, and more instructive, to consider a 
general case, especially as we are then at liberty to alter the 
sequence of the arbitrary constants, and so make the same 
analysis serve for different hydrodynamical problems, hitherto 
considered as distinct. 

Previous writers on this subject strive to give special values 
of these arbitrary constants, such as Q = 1, and a = -f 1 at A, 
a' = — 1 at ^' ; but, as we shall see, at a loss of flexibility in 
the analysis. 
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The only special value we have adopted so far, is t = oo 
occasionally, but better only after the general case has been 
examined, as the passage to i = oo is sometimes treacherous. 




Fig. 22. 




Fig. 23. 




Fig. 24. 

To illustrate the flexibility of the analysis, we examine the 
interpretation of (4), (10) due to a rearrangement of the 
constants, in the order 

(19) *(Qo)> a > j > a' > b > j' > i(~Qo). 

There is no alteration in the w and 12 diagram and relation, 
but the z diagram changes as shown in Figs. 22, 23, 24, where 
the barrier A A' is replaced by a slit or leak made in a plane 
boundary. 
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If the stream past the slit is very broad, we make j' = i, and 
ma = 00 , as in § 14, Report 19. 

These extensions give an insight into the subject from the 
point of view of generality, without additional difficulty, and 
make the initial problem of Kirchhoflf appear much easier. 

In continuation of these extensions, bring the blade in 
the experiment close to the tap to imitate the motion 
when the efflux from a channel is received on the plate 
(Fig. 25). 



i<- 




Then if K, K' are the ends of the channel in the z diagram, 
the 12 diagram is modified by an inset kiW ; so that with four 
right angles at u = a, a'. A;, k\ and a zero angle at 6, and a turn 
to port through two right angles at i, 

^ ^ du "^ u — b' aJ{u — a , u — a' . u — k . u — k')* 
and with 



(21) 



N = 



^{b — a , b - a' , b - k . b - k') . 
b — i 



Digitized by VjOOQIC 



56 THE DYNAMICS OF MECHANICAL PLIGHT 



BO that 


, writing 
















(22) 


u 


— a 


. u 


— a' ,u - 


■ k. 


U- k' r= 


u. 






b 


— a 


.b 


-a' .b - 


■ k. 


b - k' = 


B, 




(23) 


do 


u — 


i 


VB 


1 
b- 




1 

u — 


VB 


du~ u - 


- h. 


h- 


■ i \/U~ 


b vu 



introducing the elliptic integral of the first and third kind 
(/. E.L and III. E.L). 

But there is no alteration in the w diagram and relation of 
Figs. 10 and 19 ; and as we proceed to problems of increasing 
generality, the diagrams may change one at a time, of w and O. 



/r' yA' 



K' 



I 



Fig. 26. 



The barrier AA* may be placed inside the entrance KK of 
the channel, as in Fig. 26, representing a rudder boxed in. 

By making j = k, f = k\ the barrier becomes of unlimited 
length, with a barrier A A' across it aslant. 



J' 

/ 



>'■ 



Fig. 27. 

Further, by taking j' = V = i, the upper barrier IK! is at 
infinite height, as in Fig. 27, and the analysis will serve for an 
aeroplane flying horizontally near the ground, as in making a 
start in flight. 

The analysis is seen to be too complicated for practical 
application, but § 11 and § 59 of Report 19 show how a solution 
can be obtained of quasi-algebraical character, when the barrier 
or rudder AA^ is set at an angle \ 77/71, an aliquot part n of a 
right angle, the III. E.I. now becoming pseudo-elliptic ; and for 
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the identification of resalts it is convenient to take /c' = x , 
yo^x s/B _ /h — a,h — a' ,h — k 



A biplane machine, with two decks, AA\ KK\ would have 
the z diagram, with w and i2 as in Fig. 28, and then, with 
t/r = m, m' over AA\ KK 



(26) 







A 



/J 



b.4b' @ f 



_/ 



(25) ^ =M 



Fig. 28. 
u — b . u — b' m — m' /u + j — b — b' 



/ u + j-b-b' 1 \ 

\j - ^ .;- b' '^ u-jj 



m — 7Y\! 



_^ (u + k- 2b){u + k- 2b')-(a + k- 2b)(a + k- 2b') 



+ log 



a-j 



(27) S- 



N 



du u — b . u — b' ' \/{u — a , u — a' . u — k . u — k') 

^ 1^ /B 1_ /5' 

u- bV U " u - b' V U 
introducing the ///. E.I. again. 

Experiment with a fork, two-pronged, held under a tap. 
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In the short time at disposal in these Lectures it is not 
possible to follow the elliptic integral interest much further; 
but these aeronautical applications are calculated to give a rapid 
insight for those who wish to study the subject. 

Thus in § 87, Beport 19, an application is made to the voil^tex 
in a polygon, an eddy whirlwind, such as Chavez would have 
to negotiate in a corner of the precipices, when crossing the 
Simplon, 1909. 

The analysis is the same as that required for the electric field 
of a prismatic condenser, of which the cross section is bounded 
by concentric similar polygons, with a dielectric interspace ; and 
it is the mean equipotential surface which corresponds to a free 
surface of the vortex in a polygon (Fig. 29). 

A single vortex travelling parallel to the ground, 
or a pair of such vortices duplicated by reflexion 
in a plane, will have a curious vortex sheet 
surface, such that any point on the surface will 
trace out an Elastica, the curve made by bending 

Fio 29 . . . 

a straight spring ; much as a point on the rim 
of a wheel will trace out a cycloid over the road, while a particle 
of the tire describes a circle relatively to the carriage. 

The trail of straw and paper of a windy day, left on the pave- 
ment near a wall, will imitate the general appearance of the 
curve for a vertical vortex, such as the pilot may be required to 
negotiate high up in the air. 

But it is the motion of a horizontal vortex near the ground 
which will increase the difl&culty of alighting. 




A' 



^ 



Fig. 30. 



The hydrodynamical application of conformal representation 
originated with Helmholtz in 1868, when he applied it to the 
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eflflux of a stream between two parallel walls, extending into 
the fluid, as in Fig. 80, of a Borda mouthpiece. 

But as the general solution is analytically of equal simplicity 
for a stream issuing from a channel between two parallel walls 
FA^, IB, blocked partially by a lip BA, as in Fig. 81, we 
resume the consideration of conformal representation with this 
application, and treat the original 1868 problem of Helmholtz as 
a particular case. 




a 



O 



a 



® 



Fig. 31. 



The fluid is bounded by two stream lines, i/^ = and yjr = m, 
,so that the w diagram consists of two parallel straight lines, 
joined up at i and j, as in Euclid I., 27. 

The i2 diagram is open rectangle of semi-infinite length, with 
right angles at w = a, a', and stretching to infinity at w = 6. 



Then 



(28) 



(29) 



dw 
du 



M 



m 



m 



U — t , tC — J IT U — J IT u — t 

w — Wg - u — j b — i 
^ = log ; 



m ^ u — i* b — j* 

reducing, when we take i = od, to 



(30) 



m ^ b — j' 



and a further simplification can be made by taking ; = 0, 



(31) 



u 
= "5- « 



u 
a' 



Digitized by VjOOQIC 



60 THE DYNAMICS OF MECHANICAL FLIGHT 

with the sequence 

(32) «(co) >6>a>0>a'>*'(- oo). 

For the 12 diagram 

/ggx dQ _ N 1 

du~u — b'\/{u — a.u — a')* 

with 

(34) {u-b)^ = ^J!: = ^, when u = b, 

if the exterior angle at jy is J -n-jn, one nth of a right angle ; 

(35) ^ = L I / b — a . b ^ a' 
du 2n' u — b ' \/ u — a . u — a'* 

and thence, by the previous integration in 11. (27), 

(36) t^ = e'^« = V (^ - ^-"^ - ^') + V {b - a' .u - a) 
^ ^ J (a - a' .u - b) 

Along rA\ — 00 < 2^ < a', ^ = 0, 

(37) t^ = (9Y = /b - a' . a - u . / b - a.a' - u 

\q) V a ^ a' .b -u'^ V a - a'.b ^u 

Along A' J, a' <u<j,q = Q, 

(38) rn - e'i8i - l b - a! .a - u • / b - a , u - a' 

and so also along J A,j <,u <, a, q = Q; ' 
and measuring the arc s from A', 

(39) Qs = <t>-<t>^, = w-w^, = '^ log ^; 

TT a 

and if c is the breadth of the jet at J, 

(40) Qc = m, u = a'e'^'c, 
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which combined with 

h — a' . a — u 



(41) 



COS^^ = 



a — a\b — n' 



sin^^ = 



h — a ,u — a* 
a — a' . b — 71 



will give the intrinsic equation of A' J or J A. 
It = p a,i J, where u =j = 0, 



(42) 



cos^/3 = 



sin^n^S = 



1 --- 
6 — a' . a h 



a — a^ . b 




a 


b — a, ^ a' 


= 


'-1 


a — a' , b 


i-i. 



and if qj denotes the velocity at I, where n = od, and d the 
distance between the two planes I A, FA', 




Fig. 32. 



The figure can be duplicated about IB, and so give the 
motion when the channel is blocked by a wedge-shaped pier 
(Fig. 32). 

When A' is carried along on FA' up to J at an infinite 
distance, making a^ =zj = 0, the wall FA' is of infinite length, 
and the motion may be duplicated again about FJ, and so 
represent the flow of water through the piers of a bridge, wedge- 
shaped as at Westminster. 
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Duplicating the original figure once about VJ* will give the 
efflux from a channel with a conveying mouthpiece, as in Fig. 33. 




Fig. 33. 



Make 6 = oo, and the flow is obtained through the gap between 
two walls converging at an angle ^/» ; and now along the skin 
of the jet AJ, of breadth Qc at J, 



s m, a 



(44) «,^_«, = <2s = «,!. = -log" 

KJ TV U 



u 



(45) sin2n^ = !: = e"'"*", 
^ ' a 

the intrinsic equation of the jet AP. 

In Helmholtz's original problem, where the liquid is drawn 
off between two parallel walls like a Borda mouthpiece (Fig. 30), 

(46) w=J, sin2^^ = 6"^^,^^= -^coti^, 

and if d is the outside distance between the walls, 

(47) 1^ __ c = I - sin eds = - | 2 cos^ ^ dO = c, d = ic, 

80 that the coefficient of contraction is J. 

In Helmholtz's next problem, where a slit of breadth d is made 
in a wall, through which the liquid escapes (Fig. 34), 



1 » 



(48) . n = 1, sin ^ = e-a'^c = - ^, 



(49) PM = f^e-^'c c?s =?£«--;=?? sin 6, PT = 

Js IT IT _ 



IT 
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80 that 


the 


curve AP 


is 


the tractrix; 


and 












(50) 




hd- 


c 


= AO 


= 2£ 

TT 






2c 
-d- 




IT 


0611 




2 


+ T 




the coefl&cient of contraction 


• 





J 

T M i 



Eeport 19 may be consulted for appli- 
cation of the same analysis, where the z 
figure changes with a rearrangement of 
the order of the arbitrary constants. 



1 



Fig. 34. 





As a general exercise on conformal representation, consider 
the application to the z diagram in Fig. 35, representing uni- 
plane injector flow, with the associated w and 12 diagrams, 
where the z figure may be supposed duplicated in the median 
line IJ, and here 

^•(qo) >^ >a>c>a' > 6' >i> A;>i(-Qo). 
Next examine the change in the z diagram due to a rearrange- 
ment of the sequence of the constants 

a, a, h, h\ k. 
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Digression on the Integral Calculus. 

Leaving the elliptic integral interest as leading too far, and 
passing over the analytical expression of w, as given merely 

by the algebraical and logarithmic function, since -r- can be 

resolved into a quotient and partial functions integrable imme- 
diately, we concentrate our attention on the determination of 
i2 from the typical form 



(51) 
making 


du u — b \ 


/ u — a .u — a' 


(52) 


<•-')£■ 


= 1, when u = b. 



Eeturning through Paris in May, 1910, I took the opportunity 
of attending a lecture at the Sorbonne by M. Marchis, the new 
professor there of Aeronautics ; and I found he devoted a whole 
lecture to the consideration of a single integral, which with 
Greek letters we can write 



(53) <t> = ^- 



pdO 



+ y cos 0' 



employing a normalising factor /?, which is either 

V(a2 - f) or VW - a2). 

But as M. Marchis was allowed, not six, but some twenty 
or thirty lectures, he could go thoroughly into this detail, 
essential in the theoretical study of the aeroplane. 

Marchis' s integral is identified with the integration required 
in (27) II. for 12 by putting 

(54) a - u = (a - a') cos2 ^0, u - a' = {a - a') sin^ J^, 
\/{a — u .u — a') = J (a — a') sin 0^ 
du = \ {a — a') sin OdO^ 

*f =de, 

\/(a — u . u —a') 
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a + a' — 2u = (a — a') cos Oj 

b — u = b — i (a + a') + i {a — a') cos 6 = a + y cos Oy 

a = b - i{a + a'), y = ^ (a - a'), 

a + y = 6' — a', a — y = 6 — a, 

13 = ^(b - a.b - a'), 

^ = f V(b -a.b ^ a') eu ^ ^.^ 

}{b — u) \/{a — u . u — a') 
Or in the hyperbolic form, 

(55) 8=^(7"- a% 6 = { ,/{a-b.b^ a') ^ 

K J P V vr « ;» 9 ] {h ^ u) ^{a - u,u - a') 

In a complete treatment of integration the hyperbolic function 
ranks equally with the circular function, direct and inverse ; 
especially in this subject of conformal representation and its 
hydrodynamical application, where the change from circular 
to hyperbolic form, and back again, is taking place continually. 

Thus, if 

(56) u— a. u — a' is positive 

(57) OD > u > a, or a' > u> — oo , 

(58) u - a = {a - a') sh^ \ v, ox - {a - a') ch2 J v, 
7^ — a' = (a — a') ch2 J V, or — (a — a') sh^ \ Vy 

js/(u — a , u — a') = i (a — a') sht;, 
du = ^ (a — a') sh v dv, 
du J 

\/{u — a , u — a) 
2u — a — a' = + (a — a') ch -y, 
b — u = b — ^ (a -^ a') ^^ ^ (a — a') ch V, 
= a + 7 ch v 
a = b - i {a -{- a'), y = qp i (» - «')» 
a — y = b — a', or b — a, 
a -\- y = b — a, or b — a\ 

(59) p^ = o? - y"- = h - a.b -- a\ 

(60) f V(b - a.b - a') ^ C dv 

^ ^ ] {b — u) \/{u — a .u — a') Ja + ych'y' 

M.F. F 
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The contrast is brought out in the geometrical interpretation 
by means of the ellipse and hyperbola in Figs. 86, 87. 

Changing back from the Greek to italic letters, to agree with 
the ordinary notation, we take 



c r M A X 



Fig. 36. 




GA = a,CF =: c, CX = 
b^ = a^ ^ c^ 

jPP = r = 



<!> 



=/. 



a + c cos B 

bdO 
+ c cos 



. ^„_iC + a cos ^ 

fk = C0S""1 — 

a + c cos 

, 6 sin ^ 

= sin-i — ■ 

a + cos 6 

With c = a cos a 

tan2i<^ = J-Il^ 
^ ^ 1 + cos <^ 

a — c 1 — cos 



CA ^ a,CF = c,GX='L 

c 
b^ z= c^ ^ a^ 

7.9 

FP = 



^ = 



a + c cos 

bde 

cos 



= /— ^ 

Ja + c 



a + c * 1 + cos $ 
= tan2 i a tan2 J ^ 



a + c cos B 

= sh-i ^^^^^ 

a + c cos B 

With c = a sec a 

^ ^ ch<^ + 1 

_ c — g 1 — cos ^ 
c -\- a' 1 + cos ^ 

= tan2 J a tan2 J ^ 
r=iFF =-^ PK = ^(CM-OZ) 



= ^( acos6 |=a— ccos<i> =- (ach6 — — | = cch6 — a 

a\c I a\ ^ c I 



b^ 
a + c cos 



a + c cos ^ 



Digitized by VjOOQIC 



THEOEY OF A DISCONTINUOUS STEEAM LINE 67 

CM = a? = a sin <^ CM = a; = a ch <^ 

MP = y = 5 cos <^ MP = y = bBh<t>. 

Circular sector ACp = i a^ <t> Hyperbolic sector AGP =^ ^ ab <l> 

Elliptic sector ACP = ^ ah <!> Hyperbolic sector AFP = ^ ac 

Elliptic sector AFP = i ab<t> Qh<f> — ^ ab <!> 

— J a sin <^ 

Mean anomaly nt = <!> — e sin <^, Mean anomaly nt = e ah <l> — <l> 
in the elliptic planetary orbit, in the hyperbolic orbit ; 
$ the true anomaly, </» the 
excentric anomaly. 

Also, for the integral (60), 
do _, Ob -\- c cos _ b 



dfji b c ch <f> — a 

J c ch </» — a tan \ a 

(a = c cos a, b = c sin a) 

«^o— 1 c — a ch d> • ~^ 6 sh <f> 
= cos — ; ^ = sm ^ 



cch</» — a cch</) — a 

With ic as the variable we may take as the typical irrational 
integrals which occur 

<61) f^andf—^, 

y = ^{ax^ + 2bx + c), 

in which the integrations are said to be taken round the conic 

(62) y^ = ax^ + 2bx + c. 

The most general irrational integral of this nature 

(63) I </» (re, y) dx being reducible to I Pdx + \ Q — , 

where P and Q are rational fractions, the first integral being 
required for w and the second for X2 in the previous applications. 

There are three regions to consider, according to the shape of 
the curve of (62). 

F 2 
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where it will be noticed that the second integral is circular or 
hyperbolic according as y^ is negative or positive for a; =2?, and 
the multiplier M is either 

V(- o.f' - 2 ^>2^ - c) or -v/(ap2 + 2 ^>j? + c). 

In I. and II. y^ can be resolved into factors, x — a, x — a! 
suppose ; and replacing a by — 1 or + 1, the result can be 
simplified and the integral corrected for one limit. 

I. a >► a; >► a', 
fl-^ ^ = 2 sin-x Jt^, = 2 cos-i /^^, 

[ ^£ = 2 cos-1 h-^±, = 2 sin-i ,/i-::^, 

y ^,/{a. — X .X - a) V a - a' V a - a' 



i: 



^a: 



a' >y/(a — a; . a? — a') 

a' >► a; >► — 00 . 
{- ^ ^ = 2 ch-i ,/?^^ = 2 sh-i ,/^-=-^. 

Jn Via — X . a - X) V a - a V a - a 

Treating the second integral in the same way there are three 
columns to fill in, where the integral, in the notation above for 
X2, is corrected for one limit or the other, and the factors made 
positive, so that the integral I should be real and positive. 

But all these forms are reducible to an integral of the first 

C dx 1 

form — ^, by taking r-^ — = [/ as the variable ; thus 

/64) I = f V(a - b.a' - b) du 
^ ' ] {p — u) A/(a — u . a' — u) 



I 



du 
(b - uf 



-h 



s/\b - u^ a - b' b - u^ a' - by 
dU 



or an allied form. 
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The art of Integration of a function is to express the result 
as a new function of the constituents of the function, leaving 
them unaltered if possible ; thus 

(65) /"sec ede = ch-i (sec B) 

is preferable to log (sec + tan ff) or log tan (J ^ + i 6). 

Professor Perry has shown the utility of the idea of lead and 
lag; thus 

(^^) J.s2(^^ + ^) = ^s"(^^ + ^ + ^'^)' 

["^^(nt + .) dt = 1"^^^ + , ^ \frl 
J sin ^ ' w sin ^ "^ ' 

a differentiation giving a lend of Jtt to the phase angle nt + c, 
and a ^ of ^TT being required in the integration. 

So also for the damped vibration, 

(67) ^e'^^^{nt + ^) = j^(m^ + n?)e-^^^^^(nt + €+'7r-tB.n-^-], 
^ ' dt sin ^ ^ sin\ mj 

e-^ cos (^^j^^_^^ ^^^ -1 n\ 
J sin^ ^ '' ^{m" + n^) 
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LECTURE IV 

GYROSCOPIC ACTION, AND GENERAL DYNAMICAL PRINCIPLES 

A FEW gyroscopic experiments were shown at the end of the 
last lecture, made with simple apparatus of bicycle wheels, spun 
by hand, either as an ordinary top (Fig. 41), or like a gyroscope, 
suspended by a stalk from a vertical axle (a bicycle hub) fastened 
in a bracket bolted to the under side of a beam, the beam resting 
on two step ladders for support (Fig. 42). 




On this scale, visible to a large audience, spin sufficient can be 
given by hand, and no string is required ; so also with the 
Maxwell top (Fig. 43) twirled by a finger and thumb. 

The bicycle wheel can also be held by the stalk and brandished, 
to give the muscular sensation of its gyroscopic action when 
spinning, and so realise the influence on the steering of a flying 
machine of the rotation of the motor and screw. 
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A bicycle wheel on its ball bearings makes an excellent 
pendulum for experimental illustration. After being tested for 
balance, and friction in producing a gradual decay of the revolu- 
tion, the wheel may be put out of balance by an iron bar between 
the spokes, and then it can swing as a pendulum through an arc 
small or large, and also make a complete revolution. The laws 
of pendulum oscillation, depending on the elliptic function, 
may thus be tested through an angle of oscillation however 
large. 



M 



1 




Fig. 42. 

To give the exact theory, with as few symbols and formulas as 
possible, of the steady motion of the gyroscope or top with the 
axle at a constant angle 6 with the vertical, a knowledge is 
presumed of the general dynamical principles of velocity and 
momentum, linear and angular, and their vector representation ; 
and use must be made of the dynamical lemma — 

" The vector velocity of the momentum, linear or angular, is 
equal to the vector of the impressed force or couple." 

This is Newton's second law of motion, extended to the case of 
angular momentum ; and Maxwell's ** Matter and Motion '* may 
be consulted for an elementary demonstration of the essential 
principle. 

The vector representation of a couple, as in Statics, by its axis 
is thus required also, the couple due here to the preponderance, 
first moment, or leverage of gravity ; the notion, too, and 
determination of moment of inertia (MJ.) or second moment. 
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In the discussion of the gyroscope in Fig. 42 the MJ. is 
required about the supporting pin 0, and this is determined 
experimentally by letting the wheel swing in one plane like a 
pendulum, and measuring the length, I feet, of the thread of the 
simple equivalent pendulum which beats the same time ; denoting 
the MJ, by A, then 



(1) 



A 



l = ^^A = Whl {Ih-lt^), 



where Wh, the preponderance in ft-lb, is measured by hooking 
up the axle to the horizontal position 
by a spring balance, and taking the 
leverage as the product of the scale 
reading in lb, and the distance in feet 
of the hook from the pin ; having 
determined W in lb previously, by hang- 
ing the wheel from the spring balance, 
h is then the distance of its C,G from 0. 
So too we require C, the MJ. of the 
wheel about its axle ; and C can be 
determined experimentally, as shown in 
Fig. 44, with one of the bicycle wheels, 
by supporting the rim on a knife edge, 
and noting the length, V ft, of the equi- 
valent pendulum, and h\ the radius of 
the inside of the rim where the wheel is 
supported ; and then ^>^^ ^3 




(2) 



I' = h' + 



Wh' 



C = Wh' {V - h'), lb-ft2. 



We call W, Wh, A, and C the physical constants of the wheel 
as a gyroscope or top, and if no spin is given, the wheel can 
make plane oscillations, like a single pendulum of length { ft, 
beating time, T seconds in small oscillation, where 



(3) 



I = 



W}i 



ft; 



^=Vr'^V, 



A 
gWh' 



sees. 
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Or, if precessing with angular velocity n (radians/second), in 
the same period 2 T, as a conical pendulum near the vertical, 

Take this wheel, weighing W lb, and spin it with angular 
velocity R (rad/sec), so that it makes ^ revolutions per second. 

The particles in a concentric ring, of radius r ft, have a 
velocity rR ; and if the density of the material is denoted by w^ 
in lb/ft^ the energy of a particle, of volume dV l\?, is 

<5) wdV ^^ and of the whole body is f wdV ^ = C f?, ft-lb, 
where C = J rhvdV is the MJ. about the axle, in Ib-ft^. 




Fig. 44. 



When the wheel is moved bodily with velocity v feet/second 
(f/s), the energy of translation is 



T- ^ 



R^ 



W ^ (ft-lb), against C ^ for the energy of rotation. 
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V K 

And just as W - is the linear momentum, in sec-lb, so C — 
// 9 

is the angular momentum (A.M.) about the axle in see-ft-lb. 

It is usual to take out W a,s a, factor of C, dividing C into the 
factors W and k\ C = Wk^ Ib-f t^, so that A: is a length in feet 
called the radius of gyration (Euler), or swing radius (Cliflford). 

Familiar illustrations of M.I. are experienced in the muscular 
sensation of slamming a door, or brandishing a stick. 

Now spin this wheel with angular velocity R, rad/sec, giving 

A.M. C - , sec-ft-lb, and give the appropriate precession m so 

that the axle will move at a constant angle 9 with the vertical 
downward. 

As li or M is increased, the axle can rise higher, pass the 
horizontal position, and when the beam in Fig. 42 stops the 
wheel we turn to this other arrangement in Fig. 41, where the 
wheel spins like a top, with tlie point in a cup 0, and the axle 
OC at a constant angle with the upward vertical. 

Selecting the gyroscope of Fig. 42 for discussion, as the motion 
is more under control, we draw the associated geometrical 
representations in Fig. 45, in which OC is taken to scale to 

represent the vector of C —* the A.M. about the axle. 

Notice that we associate a vector of A.M., or of angular velocity,, 
with a screw ; and we select the right-handed screw, so that the 
vector OC represents the direction of advance on the screw 
along the axle due to the rotation R. 

This involves spinning the wheel by a push with the left hand 
in Fig. 42, but with a pull in Fig. 41. 

The precession /ut is then represented by a vector drawn 
vertically upward from 0, having a component jjl cos along CO 
in Fig. 45, and /x sin along OA at right angles ; these are the 
components of angular velocity of the axle or stalk, but the 
wheel has an independent rotation round the stalk. 

The component /x cos does not afifect the wheel, only the stalk or 
axle, of which we ignore the inertia ; but the wheel rotates freely 
on the ball bearings of the axle with relative angular velocity 

ii + M cos 0. 
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But it is the other component /x sin which carries the wheel 
round with the precession /ut, and gives it the AM. about OA, 

. IX sin 6 

9 
The vector OK of resultant AM, has the components 0C\ 

representing C —* and C'K, representing A > working 

with the gravitation units of the engineer, and keeping g carefully 
in its right place. 

The gravity couple is in the vertical plane COC\ and its 
moment is 

(6) Wh sin ^, or .4 — sin 0, ft-lb, 

9 

represented by a right-handed screw vector draw towards us ; 
and this is to be equated to the vector velocity of K. 
Now the horizontal component of OK is 

(7) CK = OC sin + C'K cos $, 
and the vector velocity of K is m- C'iC, so that 

(8) Wh sin e = fifC- sine + A ^i?^cos 0\ 

or dividing out sin and g, 

(9) An^ = CRfi + Afi^ cos 0, 

the fundamental relation for steady motion, with the axle at a 
constant angle with the downward vertical. 

But if, as in Figs. 41, 46, the angle is measured from the 
upward vertical, the sign of cos must be changed in (9), and 

(10) An^ = CBfi - Afji^ cos 0. 
Writing (10) 

(11) eos^ = - -- = (^J -(2-j-^-^j<^^j 

we notice that the top cannot reach the upright position if 
CR <,2An, and the motion is then called weak. 
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In a strong motion, CR > 2 An, and cos can reach 1, 

after which the factor sin ^ = 0, ^ = must be taken, which was 

discarded from (8). 

In OC make OL = Z = ™-, the length of the equivalent pen- 
dulum for plane oscillation; draw LD at right angles to OL 
cutting OD at right angles to OK in Z) ; and draw DIJ hori- 
zontal to cut the vertical through O in L'. Then 



(12) 



and 



OC; ^ sin DDL ' _ sin KOC 

OL sin ODL sin KOC 

KG ^ fji.KC _ 4^2 s[n^ _ n2 

KC fjL.KC Afx^ainO / 

OL = ^, , so that OL' = -^^ , 



and OL' is the height of a conical pendulum with precession m» 
keeping in the vertical plane COC. 



M 


/ 


< 


M 




< 



Fig. 45 
We can write 
(13) 




Fig. 46. 



,i.CK = A'^-ain 6, u . KN = A ~, 
9 9 

C'K = Aff^ sin 0, KM = A ^. 
9 9 
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Multiplying, and dividing out im, 

(14) CK . G'K = (a^ sin oY, KM . KN = U ^V, 

80 that K lies on a hyperbola, with OC, OC for asymptotes. 

To draw the figure to a geometrical scale, to a length a as 
unit, we take 



(15) 



A'L 



f^-rr Atwa.e -ffjur 

a , n ^ an 

A - 



9 



n"^ 



- sm ^ 

CK ^ 9 ^__Vl 

a ^ ^ ' a ^ fi' 

9 

(16) KM.KN = a2. 

But if this condition is not satisfied, the axle requires to be 
held at the angle by means of a revolving gimbal frame COC\ 
providing a couple, N ft-lb, in addition to the gravity couple 
Wh sin 0, and 

(17) WhsmO + N=uL.^ .A-^ with /x = -.— , . — , 

nQ^ AT A n^ CK . CK -rx., . . /KM , KN .X^^^, . ^ 

(18) N = A — — ^-. — - — Wh sm ^ = — — 1 ) Wh sm 0, 

^ ^ g a^ smO \ a^ J 

Thus N = again, if KM . KN = a^; 
but if KM . KN>a^, K lies on the concave side of the hyper- 
bola, and N is positive, holding the axle down ; and if released 
the axle would rise. 

An increase of the free precession pt would increase CK and 
move K outside the hyperbola to the concave side, and the axle 
would rise, or, stated in Kelvin's words, 

" hurry the precession, and the top (or bicycle) rises." 

Arrest the precession by clamping the vertical spindle, and the 
axle falls and swings like a pendulum, having lost the directive 
gyroscopic effect ; but the spin of the wheel exercises a twisting, 
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which is felt as very strong when we try to hold the vertical 
spindle by hand. 

But the wheel in Fig. 42 can be supported by the finger at 
any angle, and no difference can be felt whether the wheel is at 
rest or spinning ; not until the axle is allowed to fall. 

Hammer the spinning top of Fig. 41, 42 with a stick, not too 
heavy, and the wheel flinches very slightly. 

It will be noticed that KG' cuts the hyperbola again, in Ki on 
Fig. 46 ; and if it cuts the vertical in F, FKi = KC\ and MNu 
MiN are parallel to KKi ; the precession 

(19) uLi = - — - ^ = n — i— i, 

and is in the opposite direction in Fig. 45 and much larger thau 
IX ; so that this motion is more violent, and hurrying the preces- 
sion will have the opposite effect, of making the axle fall, as we 
can show experimentally. 

Many attempts are being made still to utilise the gyroscope, 
for steering a constant course automatically, but any such action 
must be carried out through a light relay, as in the torpedo ; if 
the gyroscope is called on to do any work, it ceases to direct. 

Dismount the axle in Fig. 42 and hold it in the hands ; or 
else take the large wheel of Fig. 41, a 52-inch, and brandish it 
by the stalk, noticing the difference of muscular sensation 
according as the wheel is spun or not. 

With no spin, the wheel moves in the plane of the applied 
couple, so that the rotation is about the axis of the couple. 

But now spin the wheel, with angular velocity R, and A.M. 

C~y represented by the vector OC on the right-handed system. 

If the wheel is swung upward when holding the stalk out 
horizontal, an A.M. is communicated about an axis drawn to the 
right, and the axle OC swerves to the right, unless prevented 
by the muscular action of a couple represented by an axis drawn 
upward ; vice versa when the wheel is swung downward. 

M.F. a 
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Swung to the j'^wj [, A.M. is commonicated about an axis 
^-- {^S™f}. and the axle swerves (<i--f } ; and it 
requires to be held j ^^^ [ by a couple whose vector axis is 

drawn to the j^J^Jj*}. 

The gyroscopic effect on the flying machine of the motor and 
screws has attracted attention. 

The biplane of Wright, Cody and Farman has two screws 
actuated in opposite direction by chains from the motor, one 
chain crossed, and here the gyroscopic effect is minimised. 

But the monoplanes of Bleriot and Santos Dumont have a single 
tractor screw in front, and when this is carried on a Gnome 
motor with cylinders revolving, the effect on the steering must 
be considerable, due to gyroscopic action. 

Putting the helm to port, as a sailor would say, sets up a 
couple tending to turn the head to starboard, and its axis is 
downward ; so that with a right-handed screw the vector of A.M, 
receives a downward velocity, and the head of the machine 
descends. To ascend, the helm must be put to starboard. 

But if a turn is to be made to starboard, the axis of the couple 
must point to the right, and the helm of a horizontal rudder 
must be pushed down vertically, but held up if the head is to 
turn to port. 

With a left-handed screw on a Gnome motor, the gyroscopic 
influence is reversed; a turn to the right will cause the 
head to rise and tail to drop. This sensation was dreaded 
by the pilot, and so he avoided the turn to the right as much 
as possible. 

The couple of reaction of the screw on the frame is a vector 
along an axis drawn to the rear, tending to make the machine 
bear heavier on the left wing, as if sailing on the port tack. 

Some such bias may help to improve the stability by giving a 
permanent bias to one side, in preference to the uncertainty of 
list, as of a crank tender ship. 
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The muscular sensation when the axle is brandished of a 
revolving wheel will illustrate the reaction on the bearings of 
the gyroscopic influence of the revolving machinery due to 
rolling and pitching of a steamer or flying machine. 

A paddle steamer has the main shaft across the ship, and so 
is affected gyroscopically by the rolling, not pitching. (Worthing- 
ton, Dynamics of Rotation.) 

But rolling does not affect the direction of a screw shaft, and 
pitching causes an extra reaction couple on the bearings acting 
across the ship. 

Suppose the steamer pitches through D° in T seconds ; the 
angular displacement being given in radians by 



(20) $ 



D 



smTT -T » 



m ^'''''1 



the angular velocity is given by 

/oiv do t _ ir^D 

(^ij ^=,.C08 7r5T» M- 3^027* 

and if C — denotes the angular momentum in Ib-ft-sec of the 

revolving turbines, a couple must be supplied, with vertical axis, 
of maximum value 

at N revs/minute, with C = Wlc^, ton-ft^ ; and with bearings 
I ft apart, each carrying J W, 

/oQx Force o n a bearing across the ship 

Dead weight on the bearing 

=--^ 360 X 60 X gTL 5,600TL* 

Working this out for D = 3, N = 150, Z = 80, T = 10, 
A; = 3, the fraction is about 5^. 

G 2 
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When the wheel is spun rapidly, so that OC is very much 
larger than CK in Fig. 46, Ki is close to F, and /xi is large, 
giving a violent motion. 

But K is close to C", so that we may take 



(24) 
(25) 



GK 

a ~ 


DC' 
a 


sin 





GB 

- An 


sin 




Wh sin e 
An 


n sin 


e 


= 


GK 
'^ a = 


=4j.i„ 


0, 


9 

An^ 















making /m small, and independent of d ; as in the fundamental 
equation (9), when /m^ is neglected. 

This relation for /x is true accurately when the axle of the top 
in steady motion is horizontal, and cos ^ = ; and the approxi- 
mation for any other angle is useful in popular elementary 
explanation of gyroscopic motion, such as given in Perry's 
Spinning Tops; although the exact theory, as usual, is after all 
the simplest. 

The approximation in (25) amounts to assuming that the 
vector OK of resultant A.M. is undistinguishable from the axle 
OC'y so that the velocity of C" may be made equal to the couple 
vector, and it is employed freely in Worthington's Dynamics oj 
Rotation. 

This is the case with the Earth, where the variation of latitude 
is insensible, and the approximation was employed by Poinsot in 
his treatment of Precession and Nutation (Connaissance des temps, 
1858). 

But the explanation still more popular will lead to an erroneous 
result, which strives to dispense with the idea of angular 
momentum, and works with angular velocity instead, as it 
would make 

(26) fi = ^]], instead of ^. 
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It is the angular velocity which is visible to the eye, and its 
vector as giving a line of instantaneous rest, shown by a coloured 
card on the axle of the Maxwell top; but for complete dynamical 
treatment the A.M. is of greater importance. 

The most general motion of the axle would lead too far, where 
it makes nutations, and describes a path, either undulating or 
looped or cusped ; realised easily with the apparatus of Fig. 42. 
A condensed treatment will be found in Notes on Dynamics, 
p. 200, and here are two cases which lead to an algebraical 
solution of simple character. 

I. Hold the axle up horizontal, and, with no spin of the wheel, 
project the axle horizontally ; the motion is similar to a spherical 
pendulum. 

II. Spin the wheel and hold the axle up above the horizontal, 
so that when let fall it starts from a cusp and reaches the 
horizontal, and rises again to a cusp, and so continues in a 
succession. 

But the general case may prove of very complicated character. 

The lecture concludes with a digression on the simple princi- 
ples of Linear Dynamics ; the transcription should go on to a 
single sheet of paper, but it is all the dynamical theory required 
for a large number of familiar problems, such as those given in 
Notes on Dynamics (Wyman). 
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Digression on Linear Dynamics. 

A wheeled carriage, electric tram, motor car, or motibus 
(Fig. 47), W tons, acquires velocity v f/s in t sees through s ft 
from rest, propelled by a constant force F tons. 

In a field of gravity, g t/s\ v is acquired in falling freely 

— seconds, through ^ ft. 

The car moves as if disturbed by a horizontal field, diluted to 

F 

(27) Ft (or ^Fdt) = TF~ (sec-tons of momentum) 

(28) Fs (or ^Fds) = W^ (ft-tons of energy) 

s 1 

(29) = V (the average velocity in f/s) 

and Newton's Second Law of Motion is translated by equation (27). 
If break resistance B tons brings the car to rest in V sees 
and «' ft, 

(30) Ft = Bt\ Fs = Bs'. 



Curves are drawn for W^y ^> and^; continued in a straight 

line for the middle part of a run at full speed v ; completed where 
the car comes to a stop. 

By giving the energy line a slope of F in JV, it will represent 
the level of apparent gravity to a passenger, perpendicular to the 
plumb line. 

A sudden change in the plumb line will represent the jerk, 
as at stopping and starting. 

A passenger walking out at the front feels the floor sloping 
down and leans back ; the jerk of gravity restored tends to throw 
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him on his back. Vice versa for leaving at the rear, also at 
starting, and the change from uniform velocity, as felt by the 
straphanger ; although this is smoothed down in practice, as in 
actual running the transition corners are smoothed down, and 
not so noticeable. 



1 

, S , 


S > 


*- s- • 


^05 -._„ 


®> :y 


^\^^ 


^F 


^^i 









Fig. 47. 

Dead resistance may be allowed for by supposing the road 
slightly up hill at the angle of repose ; and no essential alteration 
is required, except in taking a little off jP. 

What, for example, is the time gained by cutting out a 
station on the tube railway ? It is the halt and half the time of 
the stop and start. 

And the time curve is the graph of a Bradshaw Tiiou Table. 

No mention has been made of the acceleration of the car ; the 
idea is diflScult and it is proverbial the engine driver cannot 
grasp it. But the passenger feete it as a tangible sensation, 
especially on leaving the car at one end or the other. 

Acceleration appears, however, in g ; and we postulate the 
theorems that a falling body will acquire 

V f/s in - seconds, falling through — ft. 

And the proper place for g is below v and v^ ; it must not go 
astray under W. 

The gravitation measure of force is used, suitable for dynamical 
questions in the field of gravity in which we live, and employed 
universally by the engineer. 
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A second lecture, of one minute, would carry on with the 
Statics of the alteration of trim of the floor on the springs, due to 
passengers entering or leaving, and as the carriage is accelerated 
or retarded. 

The Law of the Spring is assumed as an experimental fact, 
based on Hooke's vague statement of the law — 

Vt tensio sic vis, 

A third lecture could be devoted, to the simple pendulum, 
and the length required to beat time with the oscillation of a 
carriage body on the springs, vertical, pitching and rolling. 

Thus the vertical oscillation should synchronize with a pendu- 
lum of length equal to the set of the springs, the vertical distance 
the carriage body sinks down on superposition ; the law of the 
spring being supposed to hold. 

This is verified with a spring balance and a weight, a 32-lb 
shot, provided the scale can be graduated uniformly. 

But the logical and simple statement of the formula for the 
beat of the pendulum is 

(31) T=y^. not.^i. 

if L denotes the pendulum length which beats the second; 
as it is L which is determined experimentally, and g is derived 
from it by the relation 

(32) g =7r^L, 

The rolling and pitching oscillation of the carriage body on 
the springs would introduce the idea of angular inertia, with 
which this lecture began ; this is shown in its simplest form in 
the carriage wheels, in adding to the linear inertia of the carriage. 
The measurement of moment of inertia, or second moment, would 
run into a fourth lecture, provided we had the unlimited time 
at the disposal of Marchis in his Sorbonne lectures. 
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THE SCREW PROPELLER 



There is no exact theory, it must be conceded, of universal 
acceptance for the screw propeller, and reliance is placed chiefly on 
an empirical factor based on experience and model experiment, 
employed in a formula which satisfies the condition of mechani- 
cal similitude, so as to predict from a small scale experiment 
the performance to be expected of the full size machine. 

A rational theory can be given of a hydraulic machine or tur- 
bine, when the water is compelled to follow a definite path ; but 
where the fluid, air or water, is free to take its own course, as in 
the screw propeller, no exact treatment is possible until the stream 
lines have been determined. 

Where the screw works in open water or air, the stream line is 
free to take a line of least action, and the shape is influenced 
to a great extent by the hull and fixtures in the neighbourhood, 
and the relative position of the propeller, effects which cannot be 
considered in a single formula. 

Numerous theories will be found in the Abstracts of the 
Report of the Aeronautical Committee due to various experi- 
menters, and one initial difficulty is to reconcile the conflicting 
notation employed by each writer ; it is time this notation was 
standardised. 

But the formulas are found to be in general agreement in 
making the thrust T proportional to 
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1. The density of the fluid, iv or ^, Ib/ft^; 

2. The disc area, >Sft.2; 

3. The square of the blade tip velocity, U f/s ; 

4. The slip s ; or more accurately to the product s (1— s). 
With an empirical factor / the formula for the thrust may 

then be written 

(1) T=fwS^s{l-s), lb, 

and this is the weight of a cylindrical column of the fluid, of 
cross section S, and height 

(2) /^s(l-s),or/s(l-s)of ff=^. 

The formula agrees then in making T = when 8 = and 
there is no slip, and the screw, of uniform pitch, advances in the 
fluid as if in a solid nut ; and also when s = 1, and there is no 
advance, and the screw cuts a hole in the fluid and swirls the 
fluid round. 

But with a slip s between and 1, the reaction of the fluid is 
against the rear of a blade, and a thrust is obtained. 

A negative value of 8 would imply that the screw was being 
turned by the stream through it, as a windmill or turbine. 



Working on the sails of a windmill or ship the wind strikes the 
rear of a sail and urges it forward, as in Fig. 48. 

If OJV represents IF, the true wind over the water, and OF the 
velocity V of the ship through the water, then VW represents the 
apparent wind Q, as felt sweeping across the deck and filling the 
sail ; and the direction of VW is given by the vane on a mast, or 
smoke from a chimney. 

On the Newton theory the thrust on sail area A f t^ is given by 



(3) T = A (i|^ = A [^^y, 



lb, 
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as we have taken previously, when Q is given in f/s ; but when 
the speed is given by K in knots of 100 ft/minute, 

(4) T = A{^^y^ ib, 

because 60 knots is 100 f/s, 12 knots = 20 f/s. 




Fig. 48. 

On the diagram of velocity of Fig. 48, VWV^ = a, 

(5) vw = Ow — OVy Q sin a = TF sin /? — V sin 6, 
and the propulsive force in the line of the keel is 

(6) P = Tsm6 = Asme(^^'^^-^'^y, 

if W and V are measured in knots. 

One H.P. of 83,000 ft-lb /min. is 330 knot-pounds, so that 

(7) the sail H.P. = ^I^ ^TFsin /? - F sin ^ 

Working this out for a ship of the size of the Preussen, spreading 
A = 40,000 ft2 of canvas, with = 30°, a = 60°, Q = 12 (18) knots, 
F= 10 (15) knots, the sail H.P. is then about 450 (1,534). 

An ice boat would run like a windmill unloaded ; and at full 
speed 0V\ the vane on the mast would point parallel to the sail. 

For the screw propeller, as far as theory can go at present, 
we begin with Eankine's treatment in the Transactions of -JJie 
Institution of Naval Architects^ 1865, following his notation as 
closely as possible. 

A screw surface, of a true screw, is swept out by a straight 
line intersecting an axis at right angles ; and the line advances 
along the axis and turns at the same time in a constant ratio ; 
and the advance for a complete revolution is called the pitch, 
and denoted by _p, and measured in feet. 
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Fig. 49. 
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Engaging is a fixed nut, the pitch p is the axial advance for a 
complete revolution of the screw. 

A co-axial cylinder will intersect the screw surface in a uniform 
helix, shown by a straight edge of a flat piece of paper, after 
the paper is wrapped on a cylinder ; also • by a thread or tape 
wound on the cylinder. 

When the paper is flattened out again, the helix appears as a 
straight line OC, and rolling the cylinder on the paper makes 
the helix roll on the straight line. 

Draw OD parallel to the axis of length p ; then DC at right 
angles to OD is 27rr the circumference of the cylinder, for a 
radius r feet. 

The section of the screw blade on the helix of circumference 
DCy limited by two planes perpendicular to the axis, is shown in 
plan by AA', and by ^B in end elevation ; and so for any other 
circumference, DCo or DCi, by OAoCqAq', or OAiCiAi' (Fig. 49). 

Consider the motion of the fluid relatively to the screw, with 
the fluid approaching with the axial velocity u f/s, and the screw 
making n revs/sec. 

Draw CR in DC produced, representing to scale 27rr?i, the 
velocity of the point C on the screw ; and draw CU representing 
the velocity u to the same scale ; then draw EF' parallel to CO ; 

denote the angle OCD by 0, so that tan = ^-, and then 

CV will represent the velocity priy which Rankine denotes by v' ; 
and he puts v' = p^n, so that Rankine's p' is our p, and there is 
no need for an accent. 

Then iZC/ represents the relative velocity of approach of the 
fluid with respect to the blade at (7, and URV is called the 
angle of attack, and denoted by a, so as to correspond with 
Kirchhoffs diagram (Fig. 4). 

Rankine assumes that the fluid is deflected by the blade element 
AA', so as to stream past it in the direction RV with relative 
velocity RQ, where UQ is drawn perpendicular to RV ; the com- 
ponent QU being used up in producing the thrust on ^^'. 

With respect to the frame which holds the screw, the fluid 
streams away with velocity represented by CQ, having the axial 
component CV, denoted by v, and a transverse component VQ. 
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The velocity np—u, represented by UV, is called the slip 
velocity; and its ratio to pn is called the slip or slip ratio of the 
screw, and denoted by s ; so that 

(8) s=^-'' = l-J^. u=pn{l-s), 
^ ^ pn pn 

and then 

(9) V - u = UV = UQ cos = UV cos2 = {pn -- u) cos2 q^ 

or in Kankine's notation 

(10) V — u = {v' — u) cos2 6j V = np {1 — s cos^ 0) ; 

a result written down by Rankine as if it was obvious, and 
required no explanation. 

Relatively to a blade element A A' of the screw, the fluid 
approaches on a spiral of angle ^ — a, and pitch 

(11) 27rrtan(6> - a) =-, 

^ n 

and the fluid is leaving the screw on a spiral of pitch p with 
respect to the blade ; but with respect to the frame, the spiral 
has an angle CQVj and a pitch 

(12) 27r r tan CQV = 2,r r tan 6 ^,^ p—1— = pljzl^^ 

Draw AA" parallel to UR ; then if A A" does not cut the 
development A2A2 of the preceding blade of the screw, and if 
the fluid is supposed to behave like a dust cloud of non- 
interfering particles, the fluid crossing A"A2' will pass through 
the screw undisturbed by a blade ; and it will form a wake 
like the helical strand of a rope, stationary with respect to the 

surrounding fluid and of pitch - ; but moving past the frame 

with velocity u and making n revs/sec. 

There is a similar strand proceeding from the rear of a blade, 
from which all the dust particles must be supposed swept out. 

But the particles which strike the blade element, of length 
AA'y and breadth dr, are measured, in lb/sec, by 
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(13) w u . A" A' dr = ^ ~ '"' AB dr, 

G 

where A** A* is the parallel to CR, and 

(14) w =~\Q the density in Ib/ft^, = - is the S. V. in ft^/lb ; 

since 

^ ^ AB CU u ' 

If, however, A A" cuts the preceding blade, so that the blades 
interfere and screen each other in succession, then no fluid 
particles escape being received and deflected ; so that the fluid 
acted upon is measured by 

(16) ^JL2^rdr=^^ dS, lb/sec, 

G G 

and this is contained by the cylindrical sheet of thickness dr 
and mean radius r, and cross section dS = ^irrdr. 

On these assumptions a blade leaves a vacuum in its rear ; 
but the current of fluid which encounters the face of a blade 
element A A' is driven ofif in a stream, parallel to the blade in 
the motion relative to the screw, but with respect to the frame 
in the direction CQ. 

If unchecked by the surrounding fluid, the stream would 
continue in a straight line, by what is called sometimes the 
centrifugal tendency, really the First Law of Motion ; and the 
wake current would grow in diameter in a conical or trumpet 
shape. 

With a screw working in water such a state of centrifugal 
motion would be impossible unless the water was shattered into 
drops ; but the liquid particles are compelled by the surrounding 
water to describe spiral lines, of angle 0\ and pitch 

q - g cos^g \ 

cos^^ r 

and the centrifugal effect must be balanced by a pressure 
gradient, in a radial direction. 



^C-f 
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With no such cavitation of the water past the screw, the 
principle of the equation of continuity in hydrodynamics must 
be introduced ; but this principle is ignored when the fluid is 
treated as above by Rankine, as if it was a dust cloud of 
non-interfering particles, as in the Kinetic Theory of a Gas. 

So far the theorems are geometrical ; a dynamical principle 
employed by Rankine asserts that the forward thrust P of the 
screw, in lb, is given by the axial backward momentum in 
sec-lb, communicated per second. 

The increase of axial velocity is from (9) 

(17) V — ti = {pn — ti) cos2 0, 
so that in the first case of blades not interfering, 

(18) dP, = P''-'' AB dr t^ZJ!L = (FLzJ^ cos^ AB dr. 

C g Cg 

Denoting by /i the fraction of the disc area occupied by the 
blade area projected on the plane of the disc area perpendicular 
to the axis of the screw, so that AB = 27r/ir, 

(19) ^^^ = { pn^^uf (^ __ ^ ^^ 2^^^^^^ 

= iP!L^/J2. rdr - yrdr\ 
Cg •''V p^ + ^ir^ry 

= (Pl^ /.[dS-^d log (^^ + 4^r^) ]. 

where dS denotes the ring element of the disc area S ; and 
integrating, with p^ + Att^ r^ =i OC^, 

(20) P. . ie^A (s - 1. log g|:) =-(«L-jov.s„, 

suppose, where 

- ^ ■" 4^2 0C„^ _ OGl 
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If D denotes the extreme diameter of the screw, A of the 
boss, and U the tip velocity due to the screw revolving n times 
a second, t^ = tt Dn, f/s ; and then 

(22) p,=S^s%SM 

But in the second case when the blades begin to interfere, 

(23) dP,= ± dS tjZl' = ^(P^- ^) cos^^ . 2 Wr 
^ ' C g Gg 

_ u{pn — u) / ,o _ 2Trp^rdr \ 
\ j,2 + 4^>r2J 



(24) 



Cg 



P - «(P» - ^) sir 
= ^%(l-s)Sikf 



-<(-m"'-''"^ 



this is the formula of Coriolis, agreeing in shape with the 
empirical formula (1). 

For a screw working under water without cavitation, where 
the axial velocity increases from u to v in passing through the 
screw, the principle of continuity requires the cross section of 
the stream to diminish, inversely as the axial velocity. 

A radial current motion must then exist inside the screw 
stream ; and in the formula of Coriolis the stream wake leaving 
the screw would be of reduced diameter. 

Rankine, from observation of the screw propeller, prefers to 
take the screw wake as of "full screw diameter, make icvd^, 
lb/sec, the quantity of water acted on by the element AA\ and 
so giving an element of thrust 

M.F. H 
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(25) dP. = wvdS ILJLJi = w ^iELnJL) cosWS 

9 9 

(26) dP, -dP,= w (t' - u){j>n - u) ^^,g^g 

= w (Pl^lJif sinW cosWdS 
9 

9 
Bankine pats 

(27) ^ = cottf = g,r = |2, 

dS = ^wrdr = ^ qdq, sinS^ = "^ , C082^ = f , 

-«,£* ?L' s2 r 2qdq _ 2gdg -I 
- "" 4,r sr ' Ll + 3^ (1 + 2TJ 

m ^. - ^. - « ^B. S-( >»« ^: - r^ + iT??> 

giving a slight increase in Ps over the P2 of Coriolis, depending 
on 8^ the square of the slip ratio. 

In a numerical application the calculation is usually close 
enough when the area is ignored of the boss of the screw, so that 

(30) n = 0, ^1 = ^, g'l = 0, S = wTq^ = ^ cot2^< 



(31) if = 1 



logsec^^ 
cot2^o 



(32) P,- P, = w J^2 -^g ^' (log °os®^ '^0 + cos2^o)- 

A knowledge of the tip velocity U is required in a calculation 
of the strength of a screw blade, especially with the high velocity 
required with a wooden propeller of a flying machine. 
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On a diameter D feet, the ratio of centrifugal force {G.F.) to 
gravity g is given by 

C.R IP 



(33) 



gravity \Dg 



will give an idea of the stress in the material 

If d is the diameter of the circle described by the CO. of a 
blade of weight W, the centrifugal pull at the root of the blade 

For instance, in a screw 7 ft in diameter, 22 ft in circum- 
ference, making 1,200 revs per minute, or 20 revs per second, the 
tip velocity C7 = 22 X 20 = 440 f/s, which is 300 miles an 
hour, and at the tip 

(35) ^ = 7^ =1.700 about. 

If the blade weighs 20 lbs and its C.G. describes a circle of 
8*5 ft diameter, the pull at the root of the blade is 

(36) 20 X I x^-^l^' = 17,2801b8, nearly 8 tons. 

The tension length in a ring of metal on the circumference at 
this speed U t/s is 

(37) ^ = ^^ =6,050 ft; 

^32 

and for steel of density 500 Ib/ft^, this would imply a tension of 
about 9 tons/inch^ 

For a smooth screw, the axial thrust dP implies a circum- 
ferential thrust tan dP and so a turning couple, in ft-lb, 

(38) dL = rta^nedP = £- dP 

Air 



dL _ p L ^ P 

H 2 



W 3?-fr ? = £• ^'■-"^^ 
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and this is evident from the principle of Virtual Velocity or 
Work ; because 27r L is the work in ft-lb done by the couple 
L ft-lb in a complete revolution of 27r radians, and this work 
with the smooth screw is equal to j?P, the work done by the 
thrust P lb pushing through the pitch p feet. 
The shaft horse power (S.H.P.) at n igvj^qq, is 



(40) 


S.H.P. = 


2irL« 
550 


Ppn 
650' 


while the thrust horse power 






(41) 


^•°-'- - m 




and the propeller eflSciency e of the screw is m^ 


(42) 


T.H.P. 
^ S.H,P. 


_ u _ 


1 -s, 



or 

(43) efl&ciency + slip = 1. 

Thus the 

(«) aH.P. = ^.»eti^^V,sM. 

or - ?^ - w ^P^(P^ - ^) SM 
550 " 550^ 

If the screw is run as a windmill or turbine, in air or water, so 
as to take up energy out of the current, np is less than u, and the 
angle of attack changes to the other side of the blade ^^'. 

For a given u and by variation of n or np, the S.H.P. 
transmitted is a maximum when np = ^u in the first case, 
but np = ^u in the second case where the blades interfere. 

The old-fashioned windmill with four narrow sails (Fig. 50) 
will belong to the first class, and will be doing most work when 
run at one-third the unloaded speed ; and then its 

(45) S.H.P. = ^^ || /,Si^. 
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But the new Canadian form of windmill (Fig. 51), like a smoke 
jack, with numerous vanes which screen each other, should run 
at half the unloaded speed, so as to develop maximum power, 
and then the 



(46) 



S.H.P. = A ^^' 



4 b60g 



SM. 



These theories should be capable of experimental verification 
on a large scale. 





Fig. 50. 



Fig. 51. 



The theory of the windmill and air propeller should be the 
same ; but in the treatment above, no notice has been taken of 
the fluid after it has passed the screw. 

The equation of continuity of fluid motion is ignored in the 
turbulent motion of the wake, and the fluid is assumed to 
behave as a cloud of dust, so that two currents can pass through 
each other without interference. 

But with a screw under water, where the backward stream 
leaves the screw with axial velocity v, the stream line must make 
a spiral of pitch _p with respect to the revolving screw, but with 

pitch p with respect to the frame. 

Also with V greater than u, an inward radial velocity is 
required to prevent cavitation ; the current acted on by the 
screw is of greater area ahead, and the stream lines converge 
towards the axis in passing through the screw (Fig. 52). 

But no theory so far has been able to assign the amount of this 
convergence for a screw working in unlimited water. 
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Let us examine an ideal case, in >¥hich the screw is working in 
a cylindrical tunnel which prevents radial motion in the water, 
and then continuity and absence of cavitation requires u = t% for 
the water running full bore. 



if" 



A' 



Fig. 52. 



There is now no generation of momentum sternward, and the 
preceding treatment would imply a zero thrust. 

The thrust is due, however, to a change of pressure, and the 
screw acts as a turbine pump. 

The water feeds the screw with a uniform stream velocity u, 
and leaves with the same axial velocity u, but with a transverse 
velocity 



(47) 



0_ A. 

{jpn — u) cot = {pn — u) —I- ; 



that is, the angular velocity round the axis is 

2 TT (n ), or the water is making n , revs/sec. 

The screw now spins a rope of the wake, at the rate of angular 
momentum, in Ib-ft^sec, 



(48) 



L = wSkhi 



%r 



t% 



9 



1 Sf 

or, ignoring the boss, and putting P = -1)2 = --, 

o Alt 



(49) 

giving a thrust 



L = w 



A PJ 



S2 
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(50) 



P4 = = w 

V 






27rS2 ; 



or, expressed in terms of the tip velocity U, and slip s, 
(51) ^^ = ^ y [^'^^ {s^s^) = wS g-(s - 52), 

agreeing with formula (1) with / = 1, and assuming that the 
screw wake receives a uniform swirl. 




Fio. 63. 



In a paddle steamer p should represent the circumference of 
the pitch circle through the centre of the floats, S the area of a 
float, and 



(52) 



T =fwSu V£s:^ =fwS —s (1 - s). 



u 



The vessel advances as if a circumference of length — engaged 

V n " " 

in a horizontal rack, to give it a velocity u (Fig. 58). 

OK 1 

In sea water, of specific volume 35 ft^ton or^^jn ^ ^ 

7/1 
ft8/lb, and with g = 82, Cg = J,— = 2. 

And if the thrust Pt is given in tons, 

Cg = S5 X 32 = 1,120. 
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Thus for one of the four screws of the Mauretania, 16 ft in 
diameter, 18 ft pitch, making 150 revs/min with 7 per cent, slip, 

150 5 
n = -^^ = pn = 45 f/s, about 27 knots ; 
bO A 

u = pn {1 — s) = 4:1 ' S f/s, say 25 knots ; 

s = 0-07, 1 - s = 0-93, S = 64 7r2 ft2 ; 

we find Pi is about 90 tons, so that at 42,000 tons displacement, 
the resistance of the water is equivalent to an incline of 1 in 
42,000 -T- 860, say 120, a resistance of about 20 lb/ton, reckoned as 
on a railway ; and the S.H.P. works out to about 66,000. 

These numbers have been manoeuvred so as to agree with 
practical results by the choice of a very small slip, 7 per cent. ; 
an estimate of 15 per cent, would be more likely, but this would 
double the value of Pi, so that we should require to take / = i 
to bring the former into agreement, and now the speed would 

have sunk to 45 f 1 — ttjq) = 38*25 f/s, or 23 knots. 

A provisional estimate of / may be made by taking it as the 
fraction of disc area made by the projected blade area. 

Tested on an air propeller, two-bladed, with diameter D = 15 ft, 
and making 450 revs/min with a slip of 36 per cent., and giving 
a thrust of 1,000 lbs, we should find that we should have to 

take/ =1-5, implying that the blades were sections of 10° in the 

disc area projection. 

The thrust P4 in (51) produces an increase of pressure 

(53) ^=w^s{l-s)\h/it\ 

or a head of-rf-s (1 — s) ft ; 

and this is the height to which water could be driven, using the 
screw enclosed in a tube as a centrifugal pump. 
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A numerical comparison can be made with a four-stage 
centrifugal pump, described in the Engineer, June 17, 1910, 
which pumps 110 gallons/minute to a head of 225 feet, at 1,440 
revs/min, and B.H.P. 10. 

The loss of energy, measured in ft-lb/sec, is 

(54) 27r Ln — P,u ; 

and of this, half is thrown away in the rotating energy of the 
wake ; the other half is lost by shock on the blade. 

This last energy can be recovered if the leading edge A' of the 
blade is given a zero angle of attack, so that the screw has 

a gaining pitch, from —at -4' through its mean valuer to some 

final pitch p\ and the blade A A' is cambered. 

If the camber is parabolic, so that cot d increases uniformly in 
the axial direction, the mean effective pitch p is the harmonic 

mean of the initial pitch — and final pitch ^', 

(55) _L=if^ + iV 

^ ^ n 2\u p) 

The system of gaining pitch is always adopted with a turbine, 
intended to run at a given speed n in a given current u\ the 
guide blades may be taken as the equivalent of another screw 
fixed in front. 



Two screws on the same shaft line were employed in one of 
the earliest screw steamers, so as to recover the rotational 
energy of the wake ; the system has been brought forward 
lately by Colonel Rota, of the Italian Navy ; the system seems 
applicable to the Gnome motor on a flying machine, when the shaft 
is made to carry a screw as well as the cylinders, and is allowed to 
revolve in the opposite direction. 

In this way the revolutions of each screw are halved, while the 
relative motion of the axle and cylinder remains the same as is 
desirable in practice. 
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So long as the slip a is small, the energy recovered from the 
wake would not be worth the extra weight and complication of a 
second screw. 

But with the two screws the slip s may be made as large as 
50 per cent., s = ^, and then each screw is pulling hardest for its 
weight, so that size can be reduced and weight economised. 

With uniform pitch there would be no economy of eflSciency, as 
the energy recovered from the wake is lost again in shock at the 
second screw ; but with appropriate gaining pitch the theoretical 
efficiency can be made perfect. 

Large slip is preferred at sea for driving against a head sea, 
and diminution of racing. 

Racing of the screw is due chiefly to variation of axial flow ; 
the variation of the longitudinal velocity of the water in wave 
motion has more influence than the accompanying vertical 
component. 

With a fine pitch and small slip this velocity variation causes 
a rapid change in s and L, not so rapid when s is large. 
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PNEUMATICAL PRINCIPLES OP AN AIR SHIP 



The flying machine as a practical success is only some 
two or three years old ; but it looks as if it will displace the 
air ship balloon, with a large gas bag to give the ascensional 
force. 

The air ship lighter than air is, however, still on its trial, 
and so we proceed to discuss the pneumatical theory involved ; 
for the detailed calculation a reference must be made to 
Chapter VIII. of my Hydrostatics. 

The first practical balloon to make an ascent with a man 
dates from 1783, the hot air balloon of Montgolfier (Fig. 54). 

The legend goes that as Madame Montgolfier's silk dress 
was airing before a fire, it became inflated and rose to the 
ceiling. 

Montgolfier followed up the idea, on a small scale at first, 
on the impression that the hot air was some new kind of gas ; 
and finally, as a paper manufacturer, he was able to make a 
fire balloon large enough to take up the first two real aeronauts, 
Pilatre de Rozier and the Marquis d'Arlandes, in November, 
1788, from the Chateau de la Muette in Paris, and so realise 
finally the dream of the poet and artist of antiquity. 

The principle is seen in the ordinary toy hot air balloon ; 
the air in the balloon is rarefied by heat to an extent such as to 
make the total weight of the balloon, car, and passengers, and of 
the hot air it contains, equal to or less than the weight of the 
external cold air displaced. 
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The experimental laws of pneumatics required in the theory are 
embodied in the gas equation 

(1) fl^B^m, 

connecting the pressure *p, Ib/ft^ specific volume v, ft^/lb, 
and absolute temperature 6, which we take Centigrade, with 
i>2, ^2, ^2, in another state of the same given quantity of a gas. 

T 




Fig. 54. Fig. 55. Fig. 56. 

This equation expresses Boyle's law when the temperature 6 
is constant, and the law of Charles, when 6 varies, and either 'p 
or ?', one at a time. 

Denote by W, lb, the weight of the balloon, car, and 
aeronauts, corrected for buoyancy of the air, as if weighed in a 
vacuum, and denote by W lb the weight of atmospheric air 
they displace, so that W — W \h is the apparent weight when 
weighed in air; denote also by Fj ft^, the capacity of the 
gas bag of the balloon, so that M = Fp lb denotes the weight 
of atmospheric air which fills the balloon, at a density /), Ib/ft.^ 

When the air inside is raised in temperature from to 6' 
degrees, absolute Centigrade, part of the air will flow out of the 
balloon, leaving the rest at the same pressure, ^, but at density 
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6 OB 

(2) p -,, and therefore of weight Vp ^ = M Z, lb. 

u 6 6 

The balloon will be floating in equilibrium when the weight 
of the balloon and hot air it contains is equal to the weight 
of surrounding cold air displaced ; that is when 

(3) W + M -, = W + M, 

^ M - w + w 0' - e ^ w ^ w 
ff M " e M -- w + w* 

determining ^' — ^, the increase of temperature required to 
rise. 

The balloon is now in unstable equilibrium, like a bubble 
of air compressed to the density of the surrounding water ; and 
it will begin to rise, as it cannot descend. 

The balloon will continue to rise and the hot air to escape till 
another stratum is reached, at height z ft, suppose, where 
the density is p, and absolute temperature 0^ ; and then the 
pressure p^ is given by the gas equation (1) 



(4) p^^pP,^^ = i^VV^ 

^ ^ ^' ^ p 6 v^ e 



Eeference must be made to Hydrostatics, Chapter VIII., for 
the further theory of Montgolfier*s hot air balloon ; but the 
principle was soon abandoned in favour of the hydrogen balloon, 
invented by the chemist Charles a few months later, having an 
advantage that the lift can be obtained with a gas bag much 
smaller (Fig. 55). 

This is of great importance for military use, where the balloon 
is tethered, and size must be kept down on account of the wind ; 
also in the large air ship, intending to take up numerous 
passengers, and to keep up in the air and make a journey as 
long as possible. 
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For economy the ordinary balloon of sport is filled with 
coal gas from the neighbouring works ; and on the aeronauts 
rule that 1,000 ft» of this gas will lift about 40 lb, while 

1,000 ft^ of air, at 12*5 ft^/lb, weighs 1,000-t-12-5 = 80 lb ; 
this makes the S.V. of this gas double that of air, or 25 ft^lb. 

Generally 1,000 ft^ of a gas of S.V. n fold of the air will lift 
P lb, given by 

(5) p = 80-§2n: ^^ 



n 80 — p' 

represented by a hyperbolic graph. 

To rarefy the air in a Montgolfier fire balloon to double S.V. 
would require the temperature to be raised from to 273° C, 
from 32 to 620° F. ; but this heat would disintegrate a fabric like 
paper or silk ; and if replaced by asbestos the weight of the skin 
becomes excessive. 

With pure hydrogen we may take n as large as 14, so that 
1 ton of hydrogen can lift itself and 13 tons more in the air ; and 
as 1 ton of air bulks 2,240 X 12-5 = 28,000 ft^ 1 ton of 
hydrogen bulks 28,000 X 14 = 392,000 ft^ ; and 2 tons of 
hydrogen, or 784,000 ft^ could lift 26 tons ; this is the volume 
of a cylinder 500 ft long and about 50 ft diameter, something 
like the Admiralty air ship. 

Suppose it is required to weigh a ton of hydrogen in the scales 
and at atmospheric pressure, not compressed to 100 atmospheres 
in a steel cylinder, 13 ton weights would be required, and placed 
in the same scale. 

But compressed in a cylinder to 100, or generally to x atmo- 

spheres, to -of air density, the ton of hydrogen would displace ~ 
of a ton of air, and would weigh an empty cylinder in the other 
scale and 1 '- tons. 

X 

Thus with n = 14, ^ = 100, 1 = 0*86, at a volume 

X 

3,920 ft^, say a cylinder 8 ft in diameter and nearly 80 ft long ; 
or 560 cylinders of a usual size, 9 ft long and 1 ft diameter inside. 
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And the price, too, is an important consideration, nearly £1,000 
for a full-size air ship ; although it is claimed that hydrogen 
can be produced at Id. per metre^ or 85 ft^ per penny, so that 
800,000 ft^ would cost about £100. 

Suppose the gas employed for inflating the balloon is n times 

lighter than the air, of density — Ib/ft,^ and S.V. nv ft^lb, 

it 

i— and nC in the previous notation] ; and let U ft^ of 

this gas, weighing P = — lb, be allowed to flow into the 

balloon. 

The balloon will be on the point of rising when 

(6) W+ P ^W +nP, P = ^-^ U=iW-W) J^, 
' n — 1 ^ ^ n - 1 

(7) U = KzJ^, where^ = 1^1 =p-P., 

A V nv n 

and A is the lift of the gas in Ib/ft^, 1,000 A in lb/1,000 ft.^ 

The balloon, like the bubble compressed in water, is in 
unstable equilibrium, and will begin to rise ; and to carry the 
balloon clear of neighbouring obstacles rapidly, it is advisable 
that the volume U or weight P of gas should be increased, to 
give an ascensional lift, which at starting will be a force 

(8) (tj « 1) p _ (TT - TF'), lb. 

As the balloon rises, the gas contained in it will expand until 
the envelope is completely inflated, and the gas will now occupy 

V ft^ ; this will take place where the density of the air is ^ p, 

and — ^the density of the gas, the temperature of the gas 

being supposed unaltered. 
The ascensional lift force will now be 

lb 



(9) (n-l)P-(Tr-TF'^, 

or "PT' ( 1 — I lb less than at starting, 
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The balloon will still continue rising, but now it is very 
important that the neck of the balloon, should be left open, 
to allow gas to escape as the balloon rises into the more rarefied 
air, and so equalise the pressure of the interior gas and surround- 
ing air ; otherwise the pressure of the gas, if imprisoned, might 
burst the balloon, as Charles found when he started experi- 
menting with snaall hydrogen balloons, sealed up. 

At the height z ft, where the density of the air is /o^, the 
ascensional force, in lb, will be 



(10) VpJl -i-TT - W^\ 
\ n p J 



on putting 



= [(w-i) Q + r]^^- w 
p 

P 



M 



(11) Q=Vf- = ^, M~- Q = (n-1)Q= VA, 

n n 

where Q denotes the weight of gas, and M of air, of volume V 
which would fill the balloon on the ground. 

The lift is zero and the balloon comes to rest where 

(12) P_^^Vz ^ - W 



P p 6, VA + TF" 
and in an isothermal atmosphere, 

(13) ^ = £' = e-l-. . = A log ^ = M logio-^+ ^, 

where k denotes the height of the homogeneous atmosphere, say 
28,000 ft, with an atmospheric pressure on the ground of one 
ton/ft^ ; and p. = 2-8, the modulus of the natural logarithm. 

Here again the equilibrium is unstable ; as if the balloon 
rises a little more, it loses gas through the neck as well as 
by dijffusion; and if it descends the balloon is bulged in and 
loses buoyancy displacement, and the pilot recognises this at 
once by the crackling and pucker of the skin. 
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A free balloon is either rising or falling, and it must be steered 
in a vertical plane, either by throwing out ballast or letting 
oflf gas by the top valve; but it can be kept at a moderate 
average height by a rope trailing on the ground, or, in the case 
of the American Wellman air ship, by the buoy trailing on the 
sea. But here the violence of this equilibrator among the waves 
was the cause of failure. 

The calculation is given in Hydrostatics, § 241, Chapter VIII., 
of the effect of throwing out ballast. 

Pilatre de Eozier took up the mad scheme of combining the 
two systems, Montgolfiere and Charliere, of Montgolfier and 
Charles, into one balloon, his Charlo-Montgolfiere, as shown in 
Pig. 56, a spherical gas bag of hydrogen, on the top of a vertical 
cylinder to carry heated air. 

His idea was to preserve the hydrogen sealed up, and to use 
the hot air as a regulator for rising and descending without 
carrying ballast, and so keep the air an indefinite time. 

The inevitable came to pass very soon, in about half an hour 
from the start from Boulogne, June, 1785. The gas bag burst 
as soon as a moderate height was attained, about 5,000 ft, 
accelerated by the hot air below ; the fire blew up the hydrogen 
and the machine was shattered. A commemoration obelisk is to 
be seen at Wimille, near Boulogne. 

In balloon calculations it is convenient to suppose the total 
weight, W lb, to be distributed over the skin of the envelope, at 
a superficial density m = W/S, Ib/ft^, S denoting the surface 
inftl 

Then, neglecting W as insensible, 

VA — mS is the lift at the ground, 

at a height z, where the density has fallen from p to />,. 
The balloon will rise to this height z, if 

(14) VA P±'= mS, VA = qmS, q = ^. 

P P» 



M.F. 
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For a spherical balloon of diameter d ft, 

(16) V = 4^«, S = Td\d = 6^, 

A 

(16) VA = qm.(lIf, 7=36.2^", 

called by the French the equation of the " three cubes " ; but it is 
simpler to work to the diameter d in (15). 

The calculation is given on p. 337, Hydrostatics, required by 
the Jesuit Francis Lana, 1670, for his idea of a copper cylinder, 
exhausted of air, to serve as a balloon ; the exhaustion can be 
carried out by boiling a small quantity of air inside until the 
steam has driven out all the air ; then when sealed up a vacuum 
would be formed when the steam was condensed. 

Thus with copper, 0*01 inch thick, we can take m = ^ Ib/ft^ 
and with A = 0*08 Ib/ft^, d = 37'5 g ; so that on the ground, 
with q = l, d = 37*5 ft, and the copper sphere is just about to 
rise ; and taking d = 100 ft, 

^ 6ni 3' /) 8' 
about 5 miles' high in an isothermal atmosphere. 

The idea was very creditable, but it did not reckon with the 
collapsing pressure of the atmosphere ; and at that date, 1670, 
hydrogen was unknown, and even the name gas had not been 
invented; and it was only the accidental observation made by 
Montgolfier mentioned above which showed, 100 years later, 
that the balloon problem was feasible, with a hght envelope, 
where the gauge pressure in the interior was very low and the 
stress in the envelope correspondingly small. 

The gauge pressure (excess over atmospheric pressure outside) 
at a height y ft above the lower end of the neck or appendix tube 
will be 

(17) (^ - £) ^ = Ay, lb/ft2, 
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at the ground, changing to — Ay Q,t b, height z in the air ; this 

is neglecting the variation of density of the air and gas in a 
height so small comparatively as y ft. 

For the cylindrical gas bag on an air ship Of diameter d ft, and 
p diameters long (Pig. 57), we may put 

(18) F = i irdY S = IT d^p, 

(19) i ird^pA = qm^S = qwird^p, d = ^-^. 

A. 

(20) V=16^p!^-. 



Fig. 57. 

Thus for an air ship 5(X) ft long by 50 ft diameter, d = 50, 
p =r 10, weighing 25 tons, • 

(21) m - ^^ X ^>^^Q 

^^^) "^ " ^ X 500 X 50' 

and tilled with hydrogen of n = 14, 

,QQx ^ ^d _ 52 ^ 50 X IT X 500 x 50 _ -,.q 

^"^^^ ^ - i;^ " 700 ^ 4 X 25 X 2,240 " ""^ 

(24) z = 2'3k logio q =7,000 ft, 

the height^ ascended in an isotliermal atmosphere, with 
k = 27,000'ft. 
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In the non-rigid air ship the cyhndrical envelope forms one 
continuous gas bag, and this must be kept constantly inflated. 

If this should become partially deflated, like an ordinary 
spherical balloon, the indentation would affect the stability as it 
runs from one end of the belly to the other ; and in the middle 
it would cause the gas bag to lose longitudinal stiffness, and 
allow it to double up like a bolster, as in Pig. 58. 




Fig. 58. 

A ballonet is required, and this is an interior bag which can 
be inflated by an air-pump to fill up the space left vacant by 
the escape of the hydrogen through the appendix in the ascent, 
and to keep the balloon distended during the descent, and on 
the ground, in spite of gas leakage. 

One ballonet at each end inside is useful, shown by the dotted 
lines in Fig. 57, to serve like a trimming tank of a steamer, for 
keeping the air ship on an even keel. 

In the air ship of rigid type the hydrogen is carried in a 
number of separate gas bags enclosed in a lattice frame cage, 
and covered with a smooth envelope to diminish frictional drag, 
so that this type is equivalent to a series of spherical balloons 
harnessed together in a horizontal line. 

The gondolas are suspended below, as in Fig. 57, carrying the 
engines and crew. 

Consider the power required to drive this air ship at a given 
speed, Q f/s, or S m/h, against the resistance of skin friction 
of the air. 
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It is estimated as the result of experiment that frictional drag 
is- about ^^ of pressure due to normal impact, taken above at 

(^) lb/ft" : so the friction is taken at (^)* lb/ft". 

Caution is required here not to take double or half this value ; 
as "experimenters have an awkward habit of tabulating frictional 
drag sometimes for both sides of the surface in their experiments. 

Here 6' = ir x 50 X 500 = 78,540, say 80,000 ft" ; 



(25) 
(26) 



F=S (Jty= 1 Q2 

Uooy 2 ^ 



lb. 



T.H.P. = ^ = ^. 
330 660 



Thus, if a speed of 45 m/h is required, 
Q= 66 



T.H.P. = g^ = 453-6. 



With screws working at 25 per cent, slip, their efficiency is 
0-75, 76 %, so that S.H.P. = 575, requiring probably 700 I.H.P. 
or more ; or in a tabular form, 



s 


30 


36 


40 


45 


Q 


44 


63 


68 


66 


S.H.P. 


170 


390 


390 


575 



so that 860 I. H. P. should be expected to give a speed somewhere 
between 80 and 86 m/h. 



FINIS. 
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By J, Wright, i/- net. 

ARC LAMPS AND ACCESSORY APPARATUS. 
By J. H. Johnson, A.M.I. E.E. 1/6 net. 

MOTORS, SECONDARY BATTERIES, MEASURING 
INSTRUMENTS AND SWITCHGEAR. 
By S. K. Broadfoot, A.M.I. E.E. i/- net. 

MILL AND FACTORY WIRING. 
By R. Q, Devey. 2/- net. 

ELECTRIC MINING INSTALLATIONS. 

By p. W. Preudemacher, A.M.I.E.E. 2/- net. 

SHIP WIRING AND FITTING. 
By T. M. Johnson, i/- net. 

BELLS, INDICATORS, TELEPHONES, ALARMS, ETC. 
By J. B. Redfern and J. Savin. 1/6 net. 

OTHER VOLUMES IN PREPARATION. 

FROM THE TECHNICAL PRESS. 

" A valuable series of manuals." — Electricity. 

" Clearly written and adequately illustrated." — English Mechanic. 

The Mining World, speaking of the Series, says.: — " Likely to be very 
popular considering the clear manner in which the authors have set down their 
statements, and the useful illustrations." 

The Iron and Coal Trades Review ^ referring to the Series, says: — " Handy 
pocket manuals for the practical man." 

" A useful little primer . . . The book (' Arc Lamps and Accessory Appa- 
ratus *) is an eminently practical one, and should be of great assistance when 
considering the most useful and serviceable arc lamp to adopt under varying 
circumstances. . . . The author has dealt with the troubles which are usually 
met with and the best methods of overcoming them." — Hardware Trade Journal. 

•• The author has dealt with his subject (' Mill and Factory Wiring ') in a 
manner which is essentially practical, and has produced a book which is lucid 
in style, and should fulfil his mtention as a manual for wiremen, contractors and 
electricians. The matter is rendered clear by copious illustrations." — Surveyor. 

" All that one need know in connection with mill and factory wiring." — 
The Mining World. 

*^* Write to Messrs. Constable & Co., Ltd., 10, Orange Street^ 
If^ic^^Ur Square, for full particulars of cfny book, 
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The "Westminster" Series 

Uniform. Extra Crown Svo. Fully Illustrattd. 6/- ntt §ach. 

Soils and Manures. By J. Alan Murray, B.Sc. 

The Manufacture of Paper. By R. W. Sindall, F.C.S. 

Timber. By J. R. Baterden, A.M.I.C.E. 

Electric Lamps. By Maurice Solomon, A.C.G.I., A.M.I. E.E. 

Textiles and their Manufacture. By Aldred Barker, M.Sc, 

Technical College, Bradford. 
The Precious Metals : comprising Gold, Silver, and Platinum. 

By Thomas K. Rose, D.Sc, of the Royal Mint. 

Decorative Glass Processes. By A. L. Duthie. 

The Railway Locomotive. By Vaughan Pbndrbd, late Editor 

of Thi Engimsr, 
Iron and Steel. By ]. H. Stansbie, B.Sc. (Lond.), F.I.C. 
Town Gas for Lighting and Heating. By W. H. Y. 

Webber, C.E. 
Liquid and Gaseous Fuels, and the Part they play in 

Modern Power Production. By Professor Vivian B. 

Lbwes, F.I.C, F.C.S., Prof, of Chemistry, Royal Naval College, Greenwich. 
Electric Power and Traction. By F. H. Davies, A.M.I. E.E. 
Coal. By James Tonge, M.I.M.E., F.G.S., etc. (Lecturer on 

Mining at Victoria University, Manchester). 
India- Rubber and its Manufacture, with Chapters on 

Gutta-Percha and Balata. By H. L. Terry, F.LC, 

Assoc. Inst. M.M. 
The Book : Its History and Development. By Cyril 

Davknp6rt, F.S.A. 
Glass Manufacture. By Walter Rosenhain, Superintendent 

of the Department of Metsdlurgy in the National Physical Laboratory. 
The Law and Commercial Usage of Patents, Designs, and 

Trade Marks. By Ken,neth R. Swan, B.A.(Oxon.), of the 

Inner Temple, Barrister-at-Law. 

Precious Stones. With a chapter on Artificial Stones. 

By W. GooDCHiLD, M.B., B.Ch. 
Electro- Metallurgy. By J. B. C. Kershaw, F.I.C. 
Natural Sources of Power. By Robert S. Ball, B.Sc, 

A.M.LC.E. 

Radio-Telegraphy. By C. Q. F. Monckton, M.LE.E. 
Introduction to the Chemistry and Physics of Building 

Materials. By Alan E. Munby, M.A. (Cantab.). 
The Gas Engine. By W. J. Marshall, A.M.I.M.E., and 

Captain H. Riall Sankey, R.E., M.I.C.E. 
Photography. By Alfred Watkins, Past-President of the 

Photographic Convention, 1907. 
V/ood Pulp. By Charles F. Cross, B.Sc, F.I.C, E. J. Bevan, 

F.I.C, and R. W. Sindall, F.C.S. 



FURTHER VOLUMES TO FOLLOW AT INTERVALS. 
Separate detailed prospectuses can be had on application, also a descriptive list 

of the Series. 

*^* Write to Messrs. Constable S» Co,, Ltd,y 10, Orange Street, 
Leicester Square^ for full particulars of any book, 
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Internal Combustion Engines. 



Internal Combustion Engines 

The Internal Combustion Engine : Being a 

Tcact-Book on Gas, Oil, and Petrol Engines, for the 
use of Students and Engineers. 
By H. E. Wimperis, M.A., Assoc. M. Inst. C.E., 

Assoc. M. Inst. E.E. Illustratfd. Crown Svo. 6/- net. 

A Primer of the Internal Combustion Engine. 

By H. E. Wimperis, M. A., Assoc. M. Inst.C. E., etc. 2/6 net. 

The Design and Construction of Internal- 
Combustion Engines : A Handbook for 

Designers and Builders of Gas and Oil Engines. 

By Hugo Qtildner. Translated from the Second Revised 

Edition, with additions on American Engines, by 

H. Diederichs, Professor of Experimental Engineering, 

Cornell University. Imperial Svo. Illustrated, ^zj-net. 

The Construction and Working of Internal 
Combustion Engines. 

Being a Practical Manual for Gas Engine Designers, 
Repairers and Users. By R. E. Mathot. Translated by 
W. A. Tookey. Medium 8vo. With over 350 Illustrations. 24/- net. 

The Diesel Engine fot Land and Marine 



Purp 



OSe. Second Edition. 



By a. p. Chalkley, B.Sc, A.M. Inst. C.B., A.I.E.E. 

With an Introduction by Dr. Diesel. Sje net. 
Contents. — Expansion of Gases. Adiabatic Expansion. Isothermal 
Expansion. Working Cycles. Thermodynamic Cycles. Constant 
Temperature Cycle. Constant Volume Cycle. Constant Pressure 
Cycle. Diesel Engine Cycle. Reasons for the High Efl&ciency of the 
Diesel Engine. Four-Cycle Engine. Two-Cycle Engine. Two- 
Cycle Double-Acting Engine. Horizontal Engine. High-Speed 
Vertical Engine. Relative Advantages of the Various Types of Engine. 
Limiting Power of Diesel Engines. Fuel for Diesel Engines. General 
Remarks. Four-Cycle Single Acting Engine ; General Arrangement. 
Starting and Running. Description of Four-Cycle Engine. Valves 
and Cams. Regulation of the Engine. Types of Four-Cycle Engines. 
High-Speed Engine. Horizontal Engine. Two-Cycle Engine. Air 
Compressors for Diesel Engines. General Remarks. Space Occupied 
and General Dimensions. Starting up the Engine. Management of 
Diesel Engines. Cost of Operation of Diesel Engines. Object of Test- 
ing. Test on 200-B.H.P. Diesel Engine. Test on 300-B.H.P. 

%* Write to Messrs, Constable S* Co.^ Ltd., 10, Orange Street y 
Leicester Square, for full particulars of any book. 
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Internal Combustion Engines— continued. 

The Diesel Engine for Land and Marine Purposes— continued, 

High-Speed Marine Engine. Test on 500-B.H.P. Engine. Test on 
High-Speed Diesel Engine. General Considerations. Advantages of 
the Diesel Engine for Marine Work. Design and Arrangement of 
Diesel Marine Engines. Methods of Reversing Diesel Engines. 
Auxiliaries for Diesel Ships. Two-Cycle Engine ; Swiss Type. 
Swedish Type. German Types. Four-Cycle Engine; Dutch Type. 
German Tjrpes. The Future of the Diesel Engine. Lloyds' Rules 
for Intemai Combustion Marine Engines. Diesel's Original Patent. 



Gas and Gas Engines 

The Gas Engine. 

By W. J. Marshall, A.M.Inst.M.E., and Captain H. Riail 
Sankey, 7a^e R.E., M.Inst«M.BM etc. 

Illustrated. Extra Crown Svo. 6/- net. 

Contents.— Theory of the Gas Engine, The Otto Cycle. The Two- 
Stroke Cycle. Water Cooling of Gas Engine Parts. Ignition. 
Operating; Gas Engines. Arrangement of a Gas Engine Installation. 
The Testing of Gas Engines. Governing. Gas and Gas Producers. 

The Energy-Diagram for Gas. by f. w. Burstaii, 

M.A., Chance Professor of Mechanical Engineering in the 
University of Birmingham. 
With Descriptive Text. 5/- nst. The Diagram sold separately, 2/- n$t. 

American Gas-Engineering Practice. 

By M. Nisbet-Latta, Member American Gas Institute, 

Member American Society of Mechanical Engineers. 
^60 pages and 142 illustrations. Demy Svo, 18/- net. 

Gas Engine Design, 

By Charles Edward Lucke, Ph.D., Mechanical Engineering 

Department, Columbia University, New York City. 
Illustrated with numerous Designs. Demy Svo. 12/6 net. 

Gas Engine Construction. second EdiHon. 

By Henry V. A. Parsell, Jr., M.A.I.E.E., and Arthur 
J. Weedy M.E. Fully illustrated, seepages. Demy Svo, iol6net. 

Gas, Gasoline, and Oil Engines, ZSeS^. 
including Gas Producer Plants. 

By Gardner D. HUcox, M.E., Author of "Mechanical 

Movements,*' " Compressed Air," etc. 
Fully Illustrated. Demy Svo. 10/6 net. 

*♦* Write to Messrs, Constable <S* Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Qas and Qas Engines— continued. 



British Progress in Gas Works Plant and 

Machinery. By C. E- Brackmbury, C.E., Author of 

" Modern Methods of Saving Labour in Gas Works." 
lUustratei. Super-Royal ^vo. 61- net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power, 

By W. H. Y. Webber, C.E- 

With 71 Illustrations. Ex. Crown Svo. 6/- nst. 



Steam EngineSt BoilerSt etc. 

The Modern Steam Engine : Theory, Design, 

Construction, Use. By John Richardson, M.Inst. C.E. 

With 300 Illustrations. D»my 800. 7/6 n$t. 

This is a thoroughly practical text-book, but it will also commend itself 
to all who want to obtain a clear and comprehensive knowledge of the 
steam engine. 

The Una-flow Steam Engine. 

By J. Stumpf. Fully Illustrated, 10/6 net. 

Turbines applied to Marine Propulsion. 

By Stanley J. Reed. Fully illustrated. 16/- net. 

Steam Turbines : 'Tnt^TJ:^^ 

With an Appendix on Gas Turbines and the Future 

OF Heat Engines. 
By Dr. A. Stodola, Professor at the Polytechnikum in 

Zurich, Authorised Translation by Dr. Louis C. 

Loewenstein, Department of Mechanical Engineering, 

Lehigh University. 
With 241 Cuts and 3 Lithograph Tables. 488 pages. Cloth. Demy Svo. 
21/- net. 

Boiler Explosions, Collapses, and Mishaps. 

By E. J. Rimmer, B.Sc, etc. 4/6 net. 

The Steam Engine and Turbine. 

By Robert C. H. Heck, M.E. 20/- net. 

%* Write to Messrs. Constable S* Co,^ Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book. 
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'Steam Engines, Boilers, etc.— continued. 
Engine Tests and Boiler Efficiencies. 

By J, Buchetti. Translated and Edited from the 3rd 
Edition by Alexander Russell, M.I.E.E., etc. 

Fulfy Illustratsd, Dmy Svo, 10/6 nH. 

Boiler Draught. By H. Keay Pratt, A.M.LMech.E. 

Fully Illustrated. Dmy 8vo. 4/- net. 

, Contents : — Draught. Calculations relating to Air. Chimneys. Con- 
struction. Artificial Draught. Forced Draught. Induced Draught. 
A Comparison. The Application of Mechanical Draught for Land 
Installations. The Application of Mechanical Draught in Marine 
Practice. The Chemistry of Combustion. Index. 

Marine Double-ended Boilers, by John Gray. 

Illustrated. Demy Svo. 5/- net. , 

Steam Boilers : Their History and Development. 
By H. H. Powles, M.Inst.M.E., etc. 

Fully Illustrated. Imperial Svo. 24/- net. 

Boiler Construction. By Frank b. Kieinhans. 

420 pages, with nearly 400 Figures and Tables. Demy Svo. 12/6 net. 

Steam Pipes : Their Design and Construction. ^^^^^ 

By W. H. Booth, Author of " Liquid Fuel," etc. Edition. 
Fully Illustrated. Demy Svo. 5/- net. 

The New Steam Tables. Calculated from Professor 

Callendar's Researches. 

By Professor C. A. M. Smith, M.Sc, and A. Q. Warren, 
S.Sc. 4/- net. 

Experimental Researches on the Flow of 
Steam through Nozzles and Orifices, 

to which is added a note on the Flow of Hot Water. 

By A. Rateau. Crown Svo. ^16 net. 

Superheat, Superheating, and their Control- 

By W. H. Booth. IllustraUd. Demy Svo. 6/- net. 

*** Write to Messrs. Constable S* Co., Ltd.^ 10, Orange Street, 
Leicester Square, for full particulars of any hook. 
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Fuel and Smoke. 



Fuel and Smoke 

An Introduction to the Study of Fuel. 

A text-book for those entering the Engineering, 
Chemical and Technical Industries. 
By F. J. Brislee, D.Sc. 

With manjf Illustrations. Demy 8vo. 8/6 mt. 

General Chemical Principles. Weight and Volume of Air required for 
Combustion. Analysis of Fuel and Flue Gases. Calorimetry and 
Determination of the Heating Value of a Fuel. Measurement of 
High Temperatures. Pyrometry. Calculations of Combustion 
Temperatures. Natural Solid Fuels. Artificial Solid Fuels. Gaseous 
Fuel. The Manufacture of Producer Gas and Water Gas. Theory of 
the Producer Gas and Water Gas Reactions. Explosion and the 
Explosion Engine. Air Supply and Measurement of Draught. Furnace 
• Efficiency and Fuel Economy. Heat Balances, Furnace and Boiler 
Tests. Liquid Fuels. 

Liquid Fuel and its Apparatus. By wiiiiam h. 

Booth, F.Q.S., M.Am.SocC.E., Author of "Liquid Fuel 
and its Combustion," etc. Demy Svo. Price 6/- net. 

Part I. — Theory and Principles. 

Part II. — Practice. 

Part III. — Tables and Data. 

Liquid Fuel and its Combustion. 

By W. H. Booth, F.Q.S., M.Am.Soc.C.E., Author of 
" Water Softening and Treatment," " Steam Pipes : 
Their Design and Construction." 

With about 120 Illustrations and Diagrams. Imf. Sve, 24/- net. 

Smoke Prevention and Fuel Economy. 

By W. H. Booth, F.Q.S,, M.Am.5oc.C.E., andj. B. C. 
Kershaw, P.I.C. 

Fully Illustrated. Third Edition, revised and enlarged. Demy Svo, 6/- net . 

Liquid and Gaseous Fuels, and the Part they play 

in Modern Power Production. 
By Professor Vivian B. Lewes, F.IX,, F.C.5., Prof, of 

Chemistry, Royal Naval College, Greenwich. 
With 54 Illustrations. Ex. Crown 8w. 6/- net. 

Fuel, Gas and Water Analysis for Steam Users. 

By J. B. C. Kershaw, F.I.C. Fully Illustrated. Demy Svo. 8/- net. 

*^* Write to Messrs, Constable S* Co,, Ltd,, 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Fuel and Smoke— continued. 



Coal. 



By James Tonsfe, M.I.M.E., F.Q.S., etc. (Lecturer on 
Mining at Victoria University, Manchester.) With 46 
Illustrations. lUustrattd. Ex. Crown Svo, -e/- n$t. 



Machinery, Power Plants, etc. 

Machine Design. 

By Charles H. Benjamin, Professor of Mechanical 

Engineering in the Case School of Applied Science. 
Nutntrous Diagrams and Tables. Demy Hvo. 8/- net, 

A Handbook of Testing. 

I. — Materials. 

By C. a. Smith, B.Sc, Assoc.M.Inst.M.E., Assoc. 
M.Inst.E.E. Professor of Engineering in the University 
of Hong Kong, late of East London College, Author of 
** Lectures on Suction Gas Plants,'* etc. Demy 8vo. 61- net. 

IL — Prime Movers. In preparation. 

Mechanical Movements, Powers, Devices and 
Appliances. 

By Gardner D. Hiscox, M.E., Author of " Gas, Gasoline, 

and Oil Engines," etc. 
Over ^00 pages. 1646 Illustrations and Descriptive Text. Demy 8vo. SjS net. 

Mechanical Appliances. 

Supplementary- Volume to Mechanical Movements. 

By Gardner D. Hiscox, M.E. 

400 pages. About 1,000 Illustrations. Demy Svo. SiSnet. 

The Elements of Mechanics of Materials. 

A Text-Book for Students in Engineering Courses. 
ByC. E. HoUJChton, A.B., M.M.E. Demy Svo. Illustrated, yjenei. 

Water Softening and Treatment : Condensing 

Plant, Feed Pumps and Heaters for Steam Users 
and Manufacturers. By William H. Booth. Second Edition. 

With Tables and many Illustrations. Demy Svo. 7/6 net. 

Cranes : Their Construction, Mechanical Equipment and 

Working. 

By Anton Bottcher. Translated and supplemented with 

descriptions of English, American and Continental Practice, 

by A. Tolhausen, C.E. Fully Illustrated. Crown ^to. 421-net. 

" This is by far the finest general work on cranes that has ever appeared. 

It is very voluminous and illustrated, and describes all existing types." — 

Engineer. 

*♦* Write to Messrs. Constable S* Co., Ltd., 10, Orange Street, 

Leicester Square, for full particulars of any book. 
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Machinery^ Power Plants, etcl— continued. 

Engineering Workshops, Machines and 
Processes. • 

By F. Zur Nedden. Translated by John A. Davenport, 
With an Introduction by Sir A. B. W. Kennedy, LL.D., 

P.R.S. Illustraied. Demy Svo. 61- mi. 

Dies : Their Construction and Use for the Modern 
Working of Sheet Metals. By Joseph V. Woodworth. 

384/0^^5. With Illustrations, Demy Svo, izjdnst. 

Modern American Machine Tools. 

By C. H. Benjamin, Professor of Mechanical Engineering, 
Case School of Applied Science, Cleveland, Ohio, U.S.A., 
Member of American Society of Mechanical Engineers. 

With 134 Illustrations, Demy Svo, 18/- net. 

Precision Grinding. 

A Practical Book on the Use of Grinding Machinery 

FOR Machine Men. By H. Darbyshire. 
Pages via, + 162. With Illustrations, Crown Svo, Price 61- net. 

Shop Kinks : ^^^^ ^^.^ 

A Book for Engineers and Machinists Showing Special 

Ways of doing Better, Cheap and Rapid Work. 
By Robert Qrlmshaw. With 222 Illustrations, Crown Svo, lojenet. 

Cams J and the Principles of their Construction. 

By Qeor^e Jepson, Instructor in Mechanical Drawing in 
tlie Massachusetts Normal School. Crown Svo. 8/- net. 

The Economic and Commercial Theory of 
Heat Power-Plants. 

By Robert H. Smith, A.M.InstX.E., M.I.iVI.E., 
M,Inst.E«E., etc. Prof. Em. of Engineering and Meoi. 
Ord. Meiji. 

Numerous Diagrams. Demy Svo, 24/- net. 

Entropy : Or, Thermodynamics from an Engineer's 
Standpoint, and the Reversibility of Thermodynamics. 

By James Swinburne, M.Inst.C.E., M.Inst.E.EM etc. 

Illustrated with Diagrams, Crown Svo. 4/6 net, 

*♦* Write to Messrs, Constable <S* Co,, Ltd,, 10, Orange Street, 

Leicester Square, for full particulars of any book, 
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Machinery, Power Plants, etc—conUmed. 

Compressed Air ; Its Production, Uses ^R^^^f^^^""' 
and Applications. By Gardner D. Hiscox, Enlarged. 
M.E., Author of" Mechanical Movements, Powers, Devices,' 
etc. 
665 pages, 540 Illustrations and 44 Air Tables, Demy Bvo, 20/- net. 

Natural Sources of Power. 

By Robert S. Ball, B.5c., A.M.Inst.C.E. 

With 104 Diagrams and Illustrations. Ex. Crown Svo, 6/~ net. 



Pumps 

Centrifugal Pumps. 

By Louis C. Loewenstern, E.B., Ph.D., and Clarence P. 

Crissey, M.E. Svo. 320 Illustrations. 18/- net. 
Contents. — Theory of Centrifugal Pumps. Consumption of Power and 
Eflficiency. The Calculation of Impeller and Guide Vanes. Design of 
Important Pump Parts. Types of Centrifugal Pumps. Testing of 
Centrifugal Pumps. 

Pumps and Pumping Engines : British Pro- 
gress in. 

By Philip R. Bjdrlins:, Consulting Engineer, Author of 
" Pumps and Pump Motors ; ** " Pumps : their Construction 
and Management," etc. 

Fully Illustrated, Super-Royal 8vo, 6/- net. 

Iron, Steel, and other Metals 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. Translated and Edited by Alleyne 
Reynolds. Demy Svo. Numerous Tables and Formula. 10/6 net. 
Contents. — Introductory. Physical Conditions in an Open-Hearth 
Furnace System. Buoyancy. General Remarks on Producer Gas. 
Raw Materials for Producer Working. Reactions on Gasification in the 
Producer, Stoichiometric Relations. Thermal Conditions in Gasifica- 
tion of Carbon. Influence of the Individual Reactions on the Tempera- 
ture of Reaction. Influence of Incompleteness of Reactions. 
Distillation Gas. Producer Gas. Judgment of the Working of Pro- 
ducer from Analysis of the Gas. Temperatures in the Producer. 
Change of the Composition of Producer Gas in Conduits and Regener- 
ator Chambers. Air Requirement for Combustion of Gas in the Open- 
Hearth Furnace. Temperatures and Transference of Heat in the 
Combustion Chamber of the Open-Hearth Furnace. Gas and Air on 
their way through the Furnace System. Reducing and Oxidising Pro- 
cesses. The Chemical Action of the Flame. Work done by Heat in 
the Open-Hearth Furnace. Enhancement of the Oxidising Action of 
the Flame. Occurrences in Open-Hearth Furnaces and their Judgment. 
The Principle Working Methods of the Basic Open-Hearth. Tables 
and Formulae. 

*** Write to Messrs. Constable S* Co,, Ltd,, 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Iron, Steel, . Btid other Metals— c<miinu$d. 

Iron and Steel. 

An Introductory Text-Book for Engineers and 
Metallurgists. 

By O. F. Hudson, iVl.5c., A.R.C.S., Lecturer on Metallo- 
graphy, Birmingham University, with a Section on 
Corrosion by Quy D. Beiig:ou^h, M.A., D.5c., Lecturer in 
Metallurgy, Liverpool University; Investigator to the 
Corrosion Committee of the Institute of Metals. 

Contents. — Section I. — Introductory. — Mechanical Testing. Smelting 
of Iron Ores. Properties of Cast Iron. Foundry Practice. Mixing 
Cast Iron for Foundry Work. Malleable Cast Iron. Wrought Iron. 
Manufacture of Steel. — Cementation Process. — Crucible Steel. Manu- 
facture of Steel — Bessemer Process. Manufacture of Steel — Open- 
Hearth Process. — Electric Furnaces. Mechanical Treatment of Steel. 
— Reheating. Impurities in Steel. Constitution of Iron-Carbon Alloys. 
Heat Treatment of Steel. Special Steels. Steel Castings. Case 
Hardening. — Welding. 

Section II. — The Corrosion of Steel and Iron. 

Malleable Cast Iron. 

By 5. Jones Parsons, M.E. Illustrated. DetnySvo. SI- net. 
Contents :— Melting. Moulding. Annealing. Cleaning and Straightening. 

Design. Patterns. Inspection and'Testing. Supplementary Processes. 

Application. 

General Foundry Practice : Being a Treatise on 

General Iron Founding, Job Loam Practice, Moulding, 
and Casting of Finer Metals, Practical Metallurgy in 
the Foundry, etc. By William Roxburgh, M.R.S.A. 

With over i6o Figures and Illustrations, Demy Svo. 10/6 net. 
Contents : — General Iron Founding : Starting a Small Iron Foundry. 
Moulding Sands. Location of Impurities. Core Gum. Blow Holes. 
Burning Castings. Venting. The Use of the Riser in Casting. 
Chaplets. Shrinkage. Pressure of Molten Iron (Ferro-Static Pressure). 
Feeding or the Compression of Metals. Metal Mixing. Temperature. 
Defects in Cast-iron Castings. Special Pipes (and Patterns). Green- 
Sand and Dry-Sand. Core Clipping. Machine and Snap Flask 
Moulding. Moulding Cylinders and Cylinder Cores. Jacketed 
Cylinders. Core- Sands. Moulding a Corliss Cylinder in Dry-Sand. 
General Pipe Core Making. Chilled Castings. Flasks or Moulding 
Boxes. Gates and Gating. Jobbing Loam Practice : Loam Moulding. 
Moulding a 36 in. Cylinder Liner. Moulding a Slide Valve Cylinder. 
Moulding a Cylinder Cover. Cores and Core Irons for a Slide Valve 
Cylinder. Moulding a Piston. Loam Moulding in Boxes or Casings. 
Moulding a 20 in. Loco. Boiler Front Cress-Block. The Use of Ashes 
and Dry-Sand in Loam Moulding. Moulding and Casting the Finer 
Metals : Starting a Small Brass Foundry ; Furnaces ; Waste in 
Melting ; Moulding ; Temperatures ; Brass Mixtures, etc. ; Draw and 
Integral Shrinkage; Position of Casting and Cooling the Castings. 
Bronzes : Aluminium ; Phosphor ; Manganese, and running with the 
Plug gate. Casting Speculums : The Alloy ; Draw ; Treatment of 

*** Write to Messrs. Constable 6- Co.^ Ltd,, 10, Orange Street, 

Leicester Square^ for full particulars of any book. 
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Iron, Steel, and other Metals— continued. 
General Foundry Practice-^contimed. 

Castings ; Compression and Annealing ; Melting and Pouring ; Mould- 
ing. Aluminium Founding : Scabbing ; Sand ; Gating ; Risers ; Melting ; 
and Temperature. Aluminium Castings and Alloys. "Malleable-Cast." 
Practical Metallurgy in the Foundry. General Pattern-making from a 
Moulder's Point of View. Foundry Ovens and their Construction. 
Fuels. Foundry Tools. 

Hardening, Tempering, Annealing and 

Forging of Steel, a Treatise on the Practical 
Treatment and Working of High and Low Grade 
Steel. By Joseph V, Woodworth. 

288 pages. With 201 Illustrations. Demy Svo, 10/- net. 

Iron and Steel. 

By J. H. Stansbie, B.Sc. (Lond.)» F.I.C 

With 86 Illustrations. Ex. Crown Svo. 6/- net. 

The Practical Mechanic's Handbook. 

By F. E. Smith. 4/6 net. (See p. 39.) 

Welding and Cutting Steel by Gases or 
Electricity. 

By Dr. L. A. Qroth. illustrated. Demy Svo. 10/6 net. 

The Precious Metals : Comprising Gold, Silver and 

Platinum. By Thomas K. Rose, D.Sc, of the Royal 
Mint. Fully Illustrated. Ex. Crown Svo. 6/- net. 

The Stanneries : A Study of the English Tin Miner. 

By Qeorge R. Lewis. 

Difny Svo. 6/- nst. 

"A valuable addition to the history of Cornish mining." — Mining Journal. 

Motor Cars and Engines 

Text-Book of Motor Car Engineering. 

By a. Qraham Clarke, M.LA.E., A.M.I.Mech. E. 

Vol, I. Construction. Fully illustrated. Sjenet. 
Contents: — The General Principles and Construction of the Petrol 
Engine. Details of Engine Construction. Petrol. Fuels other than 
Petrol. Carburetters and Carburation. Thermodynamics of the 
Petrol Engine. Horsepower. Mechanical (Thermal and Combustion 
EjB&ciencies). The Principles and Construction of Coil and Accumulator 
Ignition. Magneto Ignition. Engine Control Systems. Engine 
Cooling Systems. Crank Effort Diagrams. Clutches and Brakes. 
Change - Speed Gears. Transmission Gear. Steering Gears. 

*^* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book, 
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Motor Cars and Engines— continued. 



Text'Book of Motor Car Engineering— continued. 

Lubricants. Lubrication, Ball and Roller Bearings. Chassis 
Construction. General Principles of the Steam Car. Steam Engines 
and Condensers. Steam Generators and Pipe Diagrams. The Electric 
Car. Materials used in Motor Car Construction. Syllabus of City and 
Guilds of London Institute in Motor Car Engineering. Examination 
Papers. Physical Properties of Petrols. Mathematical Tables and 
Constants. 

Vol. II . Design. Fully illustrated, yjS net. 
Contents. — Introduction. Materials of Construction. General Con- 
siderations in Engine Design. Power Requirements. Determination 
of Engine Dimensions. Cylinders and Valves. Valve Gears. Pistons, 
Gudgeons and Connecting Rods. Crankshafts and Flywheels. The 
Balancing of Engines. Crankcases and Gearboxes. Engine Lubri- 
cating and Cooling Arrangements. Inlet, Exhaust and Fuel Piping, 
etc. Clutches and Brakes. Gearing. Transmission Gear. Frames, 
Axles and Springs. Torque Rods and Radius Rods. Steering Gears. 

O'Gorman's Motor Pocket Book. 

By Mervyn O'Qorman, M.lnst.Mech.B., etc. 

Limp Leather Binding. 7/6 net. 

Motor Vehicles and Motor Boats, 

See D-S. Technical Dictionaries in Six Languages, page 4. 



Aeronautics 

Dynamics of Mechanical Flight. 

By 5ir Qeor^e Qreenhill (late Professor of Mathematics in 
the R.M.A., Woolwich.) DemySvo, 8/6 nrf. 
Contents. — General Principles of Flight, Light, and Drift. Calculation 
of Thrust and Centre of Pressure of an Aeroplane. Helmholtz- 
Kirchhoff Theory of a Discontinuous Stream Line. Gyroscopic Action, 
and General Dynamical Principles. The Screw Propellor. PneumaticaJ 
Principles of an Air Ship. 

*'The present volume should prove invaluable to every student of 
aeronautics who wishes to obtain an insight into the principles involved 
in the construction and working of flying machines." — # 

Prof. G. H. Bryan, in the Aeronautical Journal, 

Aerial Flight. By F. W- Lanchester. Fully Illustrated. 
Vol. I. — Aerodynamics. Demy Svo. 21/- net. 
Vol. II. — Aerodonetics. DemySvo. 2il-net. 

*♦* Write to Messrs. Constable <S- Co., Ltd., 10, Orange Street, 
Leicester Square ^ for full particulars of any book. 
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A etonautics — continued. 



Aeroplane Patents. 

By Robert M. Neilson, Wh.Ex., M.I.Mech.E., RC.LP-A., 

Chartered Patent Agent, etc. Dmy Svo, 4/6 net. 

Aeroplanes. 

See D.-S. Technical Dictionaries, Vol. X., in Six Languages, 
page 4. 

Airships, Past and Present. 

By a. Hildebrandt, Captain and Instructor in the Prussian 
Balloon Corps. Translated by W. H. Story, Copiously 
IllustraUd, Demy Svo. 10/6 net. 



Marine and Naval Machinery- 
Marine Engine Design, including the Design of 

Turning and Reversing Engines. 
By Edward M. Bratrg:, S.B. Crown Svo. 8/- mt. 

Cold Storage, Heating and Ventilating on 
Board Ship. ^.^yfl^Z. ^' ^*'''^'"* ^'^' ^""^ 

The problems of cold storage and heating and ventilating are treated 
exactly as they are presented to a naval architect and marine engineer. 
Directions are given for detecting the causes of various troubles and 
remedying them, and, what is more important, explicit instructions are 
given for operating various types of plants, so as to avoid breakdowns. 
Comparatively little has hitherto been published on the subject. 

The Elements of Graphic Statics and ot 
General Graphic Methods. 

By W- L. Cathcart, M.Am.Soc.M.E., and J. Irvin 
Cbaffee, A.M. 159 Diagrams, 12/- net. 

This book is designed for students of marine and mechanical engineering 
and naval architecture. It reviews the principles of graphics and their 
application both to frame structures and to mechanism. 

Marine Double-ended Boilers. 

By John Gray.' Fully illustrated. 5l-net. {Seep. 11.) 

Handbook for the Care and Operation of 
Naval Machinery. ^^^^^^J""^, ^^^--^^^- 

*^* Write to Messrs. Constable S* Co., Ltd,, 10, Orange Street, 

Leicester Square, for full particulars of any book. 
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Turbines and Hydraulics. 



Turbines and Hydraulics 

Turbines Applied to Marine Propulsion. 

By Stanley J. Reed. i6/- net. 

Modern Turbine Practice and Water Power 

Plants J with Terms and Symbols used in Hydraulic 

Power Engineering. 
By John Wolf Thurso, Civil and Hydraulic Engineer. 
With many Diagrams and Illustrations. Royal 8vo. i6/- net. 

Water Pipe and Sewage Discbarge Diagrams. 

By T. C. Ekin, M.lnst.C.E., M.i.Mech.E. Folio. 12/6 «*/. 
These diagrams and tables with accompanying descriptive letterpress 
and examples are based on Kutter's formula with a coefiBcient of rough- 
ness of 0-013 and give the discharges in cubic feet per minute of every 
inch diameter of pipe from 3 to 48 inches when running full on inclina- 
tions from .1 to 15 per 1000. 

Hydraulics and its Applications : A Text-book 

for Engineers and Students. By A. H. Gibson, 
D.Sc, M.InstX.E. 2nd edition, revised and enlarged. 
Demy Bvo. 15/- net. 

•* One of the most satisfactory text-books on Hydraulics extant;" — 

Mechanical World, 

Water Hammer in Hydraulic Pipe Lines : 

Being a Theoretical and Experimental Investigation of the 
Rise or Fall of Pressore in a Pipe Line, caused by the 

GRADUAL OR SUDDEN CLOSING OR OPENING OF A VaLVE ; WITH A 

Chapter on the Speed Regulation of Hydraulic Turbines. 
By a. H. Gibson, D.5c., M.InstX.E. 

Fcap. 8vo. 5/- net. 

Hydraulics, Text-book of : Including an Outline 

of the Theory of Turbines. By L. M. Hoskins, 

Professor of Applied Mathematics in the Leland Stanford 
Junior University. 
Numerous Tables. Fully Illustrated. Demy Svo, 10/6 net. 

Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
OF Hydroelectric Transmission Plants. 

By Franlc Koester, Author of " Steam - Electric Power 
Plants." 479 pages. 500 Illustrations. 45 Tables. Imperial Svo. 
21/- net. 

*♦* W^te to Messrs, Constable <S* Co,, Ltd,, 10, Orange Street^ 
Leicester Square, for full particulars cif any book. 
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Railway Engineering. 



Railw^ay Engineering 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M. Inst. C.B. Sj-net 

" Glasgow Text- Books of Civil Engineering." 
Contents.— Preliminary Considerations. Bending Stresses. Shear 
Stress. Floors and Buildings. Foundations and Rafts. Retaining 
Walls. Bridges. Arched Bridges. Sleepers, Fence Posts, etc. 
Summary of Notation. 

The Design of Simple Steel Bridges. 

By p. O. G. Upborne, late R.E. 12/6 net. 

Contents. — Definitions. Bending Moments. Moments of Flexure. 
Moments of Resistance. Shear Deflection. Solid Beams and 
Examples. Struts and Ties. Rivets and Joints. Rolling Loads. 
Bending Moments, Shear Stresses. Loads. Plate Girders. Bridge 
Floors. Railways, Roads. Principles of Bridge Design. Plate Girders. 
Parallel Braced Girders. Braced Girders (2). Shop Practice and 
General Details. 

Reinforced Concrete Bridges. (5^^ p. 22.) 

By Frederick Rings, M.S.A., M.C.I. 

Railway Signal Engineering (Mechanical). 

By Leonard P. Lewis, of the Caledonian Railway, Glasgow. 

("Glasgow Text-Books of Civil Engineering," Edited by G. Moncur.) 
Profus$h Illustrated, Demy Svo, 8/- net. 
Contents. — Introduction. Board of Trade Rules. Classes and Uses of 

Signals. Constructional Details of Signals. Point Connections. 

Interlocking Apparatus. Signal Box Arrangements. Miscellaneous 

Apparatus. Signalling Schemes. Interlocking Tables. Diagrams, etc. 

Methods of Working Trains. Appendix. 

Railway Terms. Spanish- English, English -Spanish 
Dictionary of. By Andre Qarcia. 12/6 net. 

The Railway Locomotive : what It Is, and Why 

It Is What It Is. 

By Vau|:han Pendred, M.Inst.Mech.E., M.L & S.Inst. 

Illutiratid, Ex, Crown Svo, 6/- mt. 

Railway Shop Up-to-Datc. 

A referenoe book of American Railway Shop Practice. 
Compiled by the Editorial Staff of the '* Railway Master 
Mechanic.*' 4/0. 12/6 net. 

The Field Engineer . iSM Edition, Revised md Enlarged 

By William Pindlay Shunk, C.E. Foolscap Svo, Leather.' 10I6 net. 

*♦* W^i*^ ^0 Messrs. Constable S* Co., Ltd., 10, Orange Street^ 
Leicester Square, for Ml particulars of any book. 
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Reinforced Concrete and Cement. 

Reinforced Concrete and Cement 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.lnstX.E. (.See p. 21.) 

Reinforced Concrete Bridges, 

By Frederick Rings, M.S. A., M.C.I., Architect and Con- 
sulting Engineer. 24/- net. 

Contents. — List of Symbols. Introduction. Bending Moments, 
Stresses, and Strains. Loads on Bridges and External Stresses. Cul- 
verts, Coverings, Tunnels, etc. Design of Girder Bridges. Calculation 
of Girder Bridges and Worked Examples. Examples of Girder Bridges. 
Design of Arched Bridges and Abutments. Theory of the Arch. 
Examples of Arched Bridges. Formulae, Notes, Schedules, and other 
Useful Information. 

Manual of Reinforced Concrete and Concrete 

Block Construction, second Edition, Revised and Enlarged. 
By Charles P. Marsh, M.InstX.E., M;Am.5oc.EM 
M.Inst.M.E., and William Dunn, P.R.I.B.A. 

Pocket size, limp Morocco, 290 pages , with 52 Tables 0/ Data and 112 
Diagrams, Price 7/6 net, 

A Concise Treatise on Reinforced Concrete : 

A Companion to ** The Reinforced Concrete 
Manual/* 
By Charles F. Marsh, M.InstX.EM M.Am.SocE., 

M.Inst.M.E. DemySvo. Illustrated, y 16 net. 

Properties and Design of Reinforced Concrete. 

Instructions, Authori^d Methods of Calculation, Experimental 
Results and Reports by the French Government Commissions 
ON Reinforced Concrete. 

By Nathaniel Martin, A.Q.TX., B.Sc, Assoc. MJnst.C.EM 

Former Lecturer on Reinforced Concrete in the Royal 
West of Scotland Technical College. 8/- net. 

Reinforced Concrete Compression Member 

T^|o pTQ ni * ^ Diagram giving the loading size and reinforce- 
O • ments for compression members according to the 

data and methods of Calculation recommended in the Second Report 
of the Joint Committee on Reinforced Concrete and adopted in the 
Draft Regulations of the London County Council. 
By Charles F. Marsh, M.InstX.E., M-Am-SocE., M. 
. Inst.M.E. 
In Cloth Covers, Mounted on Linen, 5/- net. Unmounted, 3/6 net, 

*^* Write to Messrs, Constable <S* Co,, Ltd,, 10, Orange Street, 
Leicester Square, for full partioulars of any book. 
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Reinforced Concrete and Cement— continued. 

R f^i n fnrrf^A Cnn rvf^tP^ ^*"^^ Edition, Revistd mtd 

i^einrOrCea \^OnCrete. Enlarged, 0/ ms standard work. 

By Charles F. Marsh, M. Inst. C. E., M. Inst. M. E., 
iVI.Ain.Soc.E., and W. Dunn, P.R.l.B.A. 

654 pagii and 6i8 Illustrations and Diagrams, Imperial Svo. 31/6 net. 

Cement and Concrete. ^'""UtM*^ 

By Louis Carlton Sabin, B.5., C.E., Assistant Engineer, 
En^neer Department, U.S. Army ; Member of the American 
Society of Civil Engineers. Large Demy Svo. 21/- net. 



Civil Engineering, Building 
Construction, etc. 

The Design of Simple Steel Bridges. (s^*p.2i.) 

. By p. O. Q. Usborne, late R.E. 

The Elements of Structural Design. 

By Horace R. Thayer. 6/- net. 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.lnst.C.E. iSee p. 21.) 

The Elastic Arch : With Special Reference to the 

Reinforced Concrete Arch. 
By Burton R. Leffler, Engineer of Bridges, Lake Shore 
and Michigan Southern Railway. Diagrams and Tables. Crown 
Svo. 4/- net. 

Graphical Determination of Earth Slopes, 
Retaining Walls and Dams. 

By Charles Prelini, C.E.. Author of "Tunnelling." 
Demy Svo. 8/- net. 

Tunnel Shields and the Use of Compressed 
Air in Subaqueous Works. second Edition. 

By William Charles Copperthwaite, M.lnstX.E. 

With 260 Illustrations and Diagrams. Crown 4/0. 31/6 net. 

Modern Tunnel Practice. 

By David McNeely Stauffer, iVI.Am.S.C.E., M.lnstC.E. 

With 138 Illustrations. Demy Svo. 21/- net. 

*** Write to Messrs. Constable <&• Co., Ltd., 10, Orange Street, 

Leicester Sqtmre, for full particulars of any hook. 
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Civil Engineering, etc.— continued. 



Timber. 

By J. E. Baterden, Assoc.M.Inst.C.E. 

Illustrated. Ex. Crown Svo. 6/- net. 

Contents. — Timber. The World's Forest Supply. Quantities of 
Timber used. Timber Imports into Great Britain. European Timber. 
Timber of the United States and Canada. Timbers of South America, 
Central America, and West India Islands. Timbers of India, Burma, 
and Andaman Islands. Timber of the Straits Settlements, Malay 
Peninsula, Japan, and South and West Africa. Australian Timbers. 
Timbers of New Zealand and Tasmania. Causes of Decay and 
Destruction of Timber. Seasoning and Impregnation of Timber. 
Defects in Timber and General Notes. Strength and Testing of 
Timber. •* Figure" in Timber. Appendix. Bibliography. 

Pricing of Quantities. 

Showing a Practical System of Preparing an Estihate 
FROM Bills of Quantities. By Qeorge 5tephenson» 

Author of " Repairs," " Quantities," etc. Demy Svo. 8/- net. 

Building in London. By Horace Cubitt, A.R.1.B.A., etc. 
A Treatise on the Law and Practice aflfecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
H. J. Leaning, F.SJ., and the Valuation and Management of London 
Property by Sydney A. Smith, F.S.L : also the Statutes, Bye-laws and 
Regulations applying in London ; cross-references throughout. 
Illustrated, with Diagrams. Royal 8vo, 31/6 net. 

Theory and Practice of Designing. With 

numerous Illustrations. 
By Henry Adams, M.Inst.C.E., M.I.Mech.E, 6/- net. 
Motion Study. A Method for increasing the Efficiency 

of the Workman. 

By Prank B. Qilbreth, M.Am.SocM.E. With an Intro- 
duction by Robert Thurston Kent» Editor of Industrial 

Engineering, Crown Svo. 44 Illustrations. 4/6 net, 

I ■ II — 

Surveying, etc. 

Adjustment of Observations by the ^mm. 

Method of Least Squares : With Application to 
Geodetic Work. 
By Professor Thomas Wallace Wright, M.A., C.E., 
and John Fillmore Hayford, C.E., Chief of the Com- 
puting Staff U.S. Coast and Geodetic Survey. 
With Tables. Demy Svo. 12/6 net. 
Qnri/^TM'nrr Bv J. Williamson, A.M.Inst.C.E., in the 
OUrvcying. series: "The Glasgow Text-Books of Civil 

Engineering,*^ see page 2. 

*^* Write to Messrs. Constable S» Co., Ltd,, 10, Orange Street, 

Leicester Square, for full particulars of any hook. 
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Municipal Engineering. 



Municipal Engineering 

Sewage Disposal Works : Design, Construction 
and Maintenance. 
Being a Practical Guide to Modern Methods of Sewage 

Purification. 
By Hugh P. RaikeSy M.lnstX.E. DmySvo, i6f-n$t. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie. (5m p. 26.) 

Refuse Disposal and Power Production. 

By W. F. Qoodrich. Fully lUustraUd. DemySvo, 16/- »*/. 

Small Dust Destructors for Institutional and 

Trade Refuse, by w. f. Qoodrich. vemy bvo. 4/- mt. 

British Progress in Municipal Engineering. 

By William H. Maxwell, Assoc.M.InstX.E. 

Fully Illustrated. Super-Royal Svo, 6/> net. 

Water Pipe and Sewage Discharge Diagrams, 

By T. C. Ekin, M.Inst.C.E., M.I.Mech.E- Folio. i2l6net. 
These diagrams and tables with accompanying descriptive letterpress and 
examples are based on Kutter's formula with a coefficient of roughness 
of 0*013 and give the discharges in cubic feet per minute of every inch 
diameter of pipe from 3 to 48 inches when running full on inclinations 
from I to 15 per 1000. 

Modern Sanitary Engineering. Part I. House 

Drainage. " Glasgow Text-Books of Civil Engineering." 

By Gilbert Thomson, M.A., M.lnstX.E. 6/- net. 

Introductory. The Site and Surroundings of the House. The General 
Principles of Drainage Design. Materials for Drains. The Size of 
Drains. The Gradient of Drains. Drain Flushing Traps : Their 
Principle and Efl&cacy. Traps : Their Number and Position. •* Dis- 
connections." Intercepting Traps and Chambers. Inspection Openings 
and Manholes. Soil, Waste, and Connecting Pipes. Water Closets. 
Flushing Cisterns and Pipes. Urinals. Baths. Lavatory Basins. 
Sinks, Tubs, etc. Trap Ventilation. Designing a System of Drainage. 
Buildings of Special Class. Test and Testing. Sanitary Inspections. 
Sewage Disposal for Isolated Houses. Index., 

The Encyclopaedia of Municipal and 
Sanitary Engineering. (Seep.s.) 

■ *** Write to Messrs. Constable S» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Irrigation and Water Supply. 



Irrigation and Water Supply 

Rainfell, Reservoirs and Water Supply. 

By Sir Alexander Binnie,iVl.lnst.C.E. Fully illustrated. ^16 net. 
Contents. — General. Amount of Rainfall. Average Rainfall. Fluctua- 
tions of Rainfall. Probable Average. Flow from the Ground. Intensity 
of Floods. Evaporation. Quantity and Rate per Head. Quality, 
Hardness, etc. Impurities. Filtration. Sources of Supply. Gravi- 
tation versus Pumping. Rivers and Pumping Works. Drainage 
Areas. Deductions from Rainfall. Compensation. Capacity of 
Reservoirs. Sites of Reservoirs. Puddle Trenches. Concrete 
Trenches. Base of Embankment. Reservoir Embankments. Puddle 
Wall. Formation of Embankment. Masonry Dams. Reservoir 
Outlets. Pipes through Embankment. Culvert under Embankment. 
Flow through Culverts. Valve Pit. Central Stopping. Tunnel Outlets. 
Syphon Outlets. Flood or Bye-Channel. Waste Watercourse and 
Waste Weir. Aqueducts. Conduits. Pipes. Service Reservoir. 
Distribution. Valves. Meters. House Fittings. 

Irrigation : Its Principles and Practice as a Branch of 

Engineering. 

By Sir Hanbury Brown, K.C.M.Q., M.InstX.E. 

Second Edition, Fully Illustrated, Demy Sw. i6/- net. 
Contents: — Irrigation and its Eflfects. Basin Irrigation. Perennial 
Irrigation and Water **Duty." Sources of Supply. Dams and 
Reservoirs. Means of Drawing on the Supply. Methods of Construction. 
Means of Distribution. Masonry Works on Irrigation Canals. 
Methods of Distribution of Water. Assessment of Rates and 
Administration. Flood Banks and River Training. Agricultural 
Operations and Reclamation Works. Navigation. Appendixes I., II., 
III. Index. 

Irrigation Works. 

The "Vernon Harcourt*' Lectures of 1910. 
By Sir Hanbury Brown, K.C.M.Q., M.InstX.E. 

Demy Svo, stiff paper cover, i/- net. 

The Practical Design of Irrigation Works. 

By W. Q. Bli^h, M.Inst.C.E. Second Edition, 

Enlarged and rewritten^ with over 240 Illustrations^ Diagrams and Tables. 

Imp. 8vo, 261-net, 
Contents : — Retaining Walls. Dams (Section). Weirs (Section). 
Piers, Arches, Abutments and Floors. Hydraulic Formulas. Canal 
Head Works— Part I. Submerged Diversion Weirs ; Part II. Under- 
sluices ; Part III. Canal Head Regulators. Canal Falls. Canal 
Regulation Bridges and Escape Heads. Canal Cross-Drainage Works. 
Design of Channels. Reservoirs and Tanks. Screw Gear for Tank 
Sluices and Roller Gates. Appendix. 

*^* Write to Messrs, Constable S* Co., Ltd., 10, Orange Street, 

Leicester Square, for full particulars of any book. 
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Irrigation and Water Suppiy— continued. 

Notes on Irrigation Works. 

By N. F. Mackenzie, Hon. iVI.A., Oxon. ; M.lnstX.E. ; 

lately Under-Secretary for Irrigation to the Government of 

India. Demy Svo. 7/6 net. 

Contents : — Introductory. Statistics required for preparing an Irrigation 

Project. Types of Weirs. The Development of Irrigation in Egypt 

since 1884. On the Design of Irrigation Channels. Irrigation Revenue 

and Land Revenue in India. 



Telegraphy and Telephony 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. A. Fleming, M.A., D.Sc, F.R.S., Pender Professor 
of Electrical Engineering in the University of London. 

Preface. Mathematical Introduction. The Propagation of Electro- 
Magnetic Waves Along Wires. The Propagation of Simple Periodic 
Electric Currents in Telephone Cables. Telephony and Telegraphic 
Cables. The Propagation of Currents in Submarine Cables. The 
Transmission of High-Frequency and Very Lov^r-Frequency Currents 
Along Wires. Electrical Measurements and Determination of the 
Constants of Cables. Cable Calculations and Comparison of Theory 
with Experiment. Loaded Cables in Practice. 

Second Edition. Demy Svo. 8/6 fiet. 

Toll Telephone Practice. 

By J. B. Theiss, B.S., LL.B., and Ouy A. Joy, B,E. 

With an Introductory Chapter. By Frank F. Fowle, 

S. B. Fully Illustrated. 14/- net. 

Contents.— Rural Telephone Equipment. Toll Cut-in Stations. Toll 
Positions at a Local Switchboard. Toll Switching Systems. Small 
Toll Switchboards. Multiple-Drop Toll Switchboards. Multiple-Lamp 
Toll Switchboards. Toll Connections to Local Automatic Systems. 
Supervisory Equipment and Toll Chief Operator's Desk. Toll Wire 
Chief's Desk. Simplex Systems. Composite Systems. Phantom 
Lines. Test and Morse Boards. Small Test Panels. Line Con- 
struction. Electrical Reactions in Telephone Lines. Cross Talk and 
Inductive Disturbances. Methods of Testing. Toll Line Maintenance. 
The Telephone Repeater. 

Radio-Telegraphy. 

By C. C. p. Monckton, M.l.E.E. 

With 173 Diagrams and Illustrations. Ex. Crown Svo, 6/- net. 

MaxwelFs Theory and Wireless Telegraphy. 

Part I. — Maxwell's Theory and Hertzian Oscillations, by 
H. Poincar6; translated by F. K, Vreeland Part II.— 
The Principles of Wireless Telegraphy, by F. K. Vreeland. 

Diagrams. Demy Svo. 10/6 net, 

*^* Write to Messrs. Constable S- Co., Ltd., 10, Orange Street, 

Leicester Square, for full particulars of any hook. 
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Telegraphy and Telephony— continued. 

The Telegraphic Transmission of Photo- 
graphs. By T. Thome Baker, F.C.S., F.R.P.S-, AJ.E.E. 

With 66 Illustrations and Diagrams, Crown 8vo. 2/6 net. 

Public Ownership of Telephones. 

By a. N. Holcombe. 8vo, 8/6 net, 

*• We commend this book to the notice of all interested in the study of 
telephone development and administration." — Electricity. 



Electrical Engineering 

Application of Electric Power to Mines and 
Heavy Industries. 

By W. H. Patchell, M.Inst.iVlech.E., M.Inst-C.E., 
M.I.M.E., M.Am. Inst. E.E. 10/6 net. 

Contents. — Electricity in Mines. Cables. Coal Cutters and Under- 
ground Details. Haulage Gears. Rating of Haulages. Winding 
Engines. Types of Electric Winders. Ventilation and Air Com- 
pressing. Pumping. Rolling Mills. Machine Tools and Cranes. 
Electric Welding and Furnaces. 

Electric Mechanism. Parti. 

SINGLE-PHASE COMMUTATOR MOTORS, rienet. 
By F. Greedy, A.C.Q.I., A.iVl.I.E.E., Assoc.Am.I.E.E. 

Contents. — The Chief Types of Single-Phase Motor. Characteristics of 
Series Type Motors. Flux and Current Distribution in Alternating 
Current Motors. Series Type Motors. Single-Phase Shunt Type 
Motors. A more exact Theory of the Series Type Motors. Definitions 
and Preliminary Investigations. The Effects of Magnetic Leakage on 
the Series Type Motors. Effects of Resistance, Saturation, and the 
Commutating Coil. Comparison of Theory with Experiment. 

Switches and Switchgear. 

By R. Edler. Translated, Edited and Adapted to English 
and American Practice by Ph. Laubach, A.M.I.E.E* 

Fully Illustrated. 12/6 net. 

Contents. — General Remarks on the Design of Switchgear. Connecting 
Leads — Cable Sockets — Connections — Copper Bars — Contact Blocks 
— Bolts. Contact Springs and Brushes — Carbon Contacts — Devices to 
Eliminate Sparking at the Main Contacts. Switches and Change-over 
Switches for Low Pressure and Medium Pressure. High Pressure 
Switches. Fuses. Self-Acting Switches (Automatic Switches). 
Starting and Regulating Resistances— Controllers. 

*^* Write to Messrs, Constable S* Co,, Ltd,y 10, Orange Street, 

Leicester Square^ for full particulars of any hook. 
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Electrical Engineering—continued. 



Solenoids, Electromagnets and Electro- 
magnetic Windings. 

By Charles Underhill» AssocMem.A.I.E.E. 

,3^6 pages. Cloth. 218 Illustrations. Demy Svo. SI- net. 

Electrical Engineer's Pocket Book. "Foster." 

A Handbook of Useful Data for Electricians and 

Electrical Engineers. 
By Horatio A. Poster, Mem. A.I.E.Em Mem. A.S.M.E. 

With the Collaboration of Eminent Specialists. 
Fifth EditioUy completely Revised and Enlarged. Pocket size. Leather bound. 
With thumb index. Over 1,600 pp. Illustrated. 21I- net. 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors, 

By J. A. Fleming, M.A., D.5c., F.R.S. {Seep. 27.) 

The Design of Static Transformers. 

By H. M. Hobart, B.Sc, M.Inst.C.E. 

Demy Svo. Over 100 Figures and Illustrations. 6/- net. 

Electricity : A Text-book of Applied Elec- 
tricity. By H. M. Hobart, B.Sc, M.Inst.C.E. 

Heavy Electrical Engineering. 

By H. M. Hobart, B.Sc.. M.lnst.C.E. 

Fully Illustrated with Diagrams, etc. Demy Svo. 16/- net. 

Electric Railway Engineering. 

By H. p. Parshall, M.inst.C.E., etc., and H. M. Hobart, 
B.Sc, M.Inst.C.E. 476 pages and nearly 600 Diagrams and Tables. 
Imp. Svo. ^2l-net. 

American Electric Central Station Distri- 
bution Systems. 

By Harry Barnes Gear, A.B., M.E., Associate Member 
American Institute of Electrical Engineers, and Paul 
Francis Williams, E.E., Associate Member American 
Institute of Electrical Engineers. Fully illustrated. 12/- net. 



Write to Messrs. Constable &» Co.y Ltd., 10, Orange -Street, 
Leicester Square, for full particulars of any book. 
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Electrical Engineering--^nHnued. 



Electric Railways : Theoretically and Prac- 
tically Treated. 

Illustrated with Numerous Diagrams. Demy Sv9, Price 10/6 net each volume. 

Sold separately. 
By Sidney W. Ashe, B.S., Department of Electrical 
Engineering, Polytechnic Institute of Brooklyn, and 
J. D. Keiley, Assistant Electrical Engineer, N.Y.C. and 
H.R.R.R. 
Vol. I. — Rolling Stock. 

Vol. II.— Enginbbring Prbliminaries and Dirbct-Currknt Sub- 
Stations. 

Electric Lamps. 

By Maurice Solomon, A.M.I.E.E. 6/- net. 

Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
OF Hydroelectric Transmission Plants. 

By Pranlc K'Oester, Author of ** Steam - Electric Power 
Plants.'* 479 /«^«. 5CX) Illustrations. 45 Tables, Imperial 8w. 
21/- net, 

Steam-Electric Power Plants. 

A Practical Treatise on the Design of Central Light 
AND Power Stations and their Economical Con- 
struction AND Operation. 

By Pranic Koester. 474 pages. Fully illustrated. Cr, 4to. 21/- nei 

Electric Power Transmission. RjTJISZga. 

A Practical Treatise for Practical Men. 
By Louis Bell, Ph.D., M.Am.LE.E. 

With 350 Diagrams and Illustrations, Demy Svo, 16/- net. 

The Art of Illumination, 

By Louis Bell, Ph.D. M.Am.LE.E. 

Fully Illustrated. 345 pages. Demy Svo, 10/6 net. 

Electric Power and Traction. 

By F. H. Davies, A.M.I.E.E. 

With 66 Illustrations, Ex, Crown Svo, 6/- net. 

Industrial Electrical Measuring Instruments. 

By Kenelm Edgcumbe, A.M.Inst.C.E., M.I.E.E. 

240//. 126 Illustrations, Demy Svo. Sj-net. 

*^* Write to Messrs. Constable S» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any hook. 
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Electrical Engineering— coniinued. 



Laboratory and Factory Tests in Electrical 
Engineering. 

By Qeorge P. Sever and Pitzhugh Townsend. 

Second Edition. Thoroughly revised. 282 pages. Demy Svo. 12/6 net. 

The Theory of Electric Cables and Net- 
works. By Alexander Russell, M.A., D.Sc. 

Illustrated, Demy Svo, 8/- net. 

Testing Electrical Machinery. 

By J. H. Morecroft and P. W. Hehre. q-net. 

Continuous Current Engineering. 

By Alfred Hay, D.Sc. M.LE.E. 

About 3^0 pages. Fully Illustrated, Demy Svo, sj- net. 

Direct and Alternating Current Testing. 

By Prederick Bedell, Ph.D., Professor of Applied Electricity, 
Cornell University. Assisted by Clarence A. Pierce, Ph.D. 

Demy Svo. Illustrated. 8/- net. 

" It will be found useful by teachers, students, and electrical engineers 
in general practice." — Electrical Enginur, 

Internal Wiring of Buildings. ^^IJ'g^;,^. 

By H. M. Leaf, M.I.Mech.E., etc. Fully Illustrated, CrownZvo, 
3/6 net. 

Searchlights : Their Theory, Construction 
and Application. 

By p. Nerz. Translated from the German by Charles 
Rods^ers. Fully Illustrated. Royal Svo. 7/6 net. 



Electro-Chemistry, etc. 

Experimental Electro-Chemistry. 

By N. Monroe Hopkins, Ph.D., Assistant Professor of 
Chemistry in The George Washington University, 
Washington, D.C. 

With 130 Illustrations, Demy Svo, 12/- net. 

*^* Write to Messrs, Constable & Co., Ltd., 10, Orange Street, 
Leicester Square^ for full particulars of any book. 
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Electro-Chemistry, etc. -^continued. 
Practical Electro-Chemistry. second Edition, Revised, 

By Bertram Blount, F.S.C, F.C,5., Assoc. InstX.E. 

Illustrated. Demy Svo, 15/- net. 

Electro-Metallurgy. 

By J. B. C. Kershaw, F.l.C. 

With 61 Illustrations. Ex. Crown Svo. 6/- net. 

Electric Furnaces. By j. Wright. 

New 2nd Edition, Revised and Enlarged. With 67 Illustrations. Demy Svo. SfSnet. 

Contents:— Introductory and General. Efficiency of the Electric 
Furnace. Arc Furnaces. Resistance Furnaces. Carbide Furnaces. 
Smelting and Ore Reduction in the Electric Furnace. Dis- 
tillation of Metals. Electrolytic Furnaces. Laboratory Furnaces 
and Dental Muffles. Tube Furnaces. Glass Manufacture in the Electric 
Furnace. Electrodes and Terminal Connections. Furnace Thermometry. 



Lighting 

Electric Lamps. 

By Maurice Solomon, A.C.Q.I., A.M.I.E.E. 

Illustrated. Ex. Crown Svo. 6/- net. 

The Art of Illumination. 

By Louis Bell, Ph.D., M.Am.I.E.E. 

Fully Illustrated. 345 pages. Demy Svo. 10/6 net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C.E. 

With 71 Illustrations. Ex. Crown Svo, 6/- net. 



Thermodynamics 

Entropy l Or, Thermodynamics from an Engineer's 

Standpoint, and the Reversibility of Thermodynamics. 

By James Swinburne, M.Inst.C.E., iVI.Inst.E.E., etc. 

Illustrated with Diagrams. Crown Svo. 4/6 net. 

Applied Thermodynamics for Engineers. 

By William D. Ennis, M.E., M.Am.Soc.Mech.E. Pro- 
fessor of Mechanical Engineering in the Polytechnic 
Institute of Brooklyn. With 316 Illustrations. Royal Svo. 21/- net. 

*^* Wrife to Messrs. Constable S* Co., Ltd., 10, Orange Street^ 

Leicester Square, for full particulars of any book. 
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Thermodynamics-- continued. 



Technical Thermodynamics. 

By Dr. Qustav Zeuner. First English Edition. From 
the fifth complete and revised edition of '' Grundziige der 
' if,': Mechanischen Warmetheorie." 

VI Vol. I. — Fundamental Laws of Thermodynamics ; Theory of Gases. 

Vol. II.— The Theory of Vapours. 
Authorised translation by J. F. Klein, D.E., Professor of 
• Mechanical Engineering, Lehigh University. 
I Illustrated. 2 volumes. Demy 8vo, 36/- net. 

A Text-Book of Thermodynamics. 

By J. R. Partin^on, of the University of Manchester. 

14/- net. 

Physics and Chemistry 

Industrial Chemistry : A Manual for the Student and 

Manufacturer. 
Edited by Allen Rogers, in charge of Industrial Chemistry, 
Pratt Institute, Brooklyn, N.Y. ; and Alfred B. Aubert, 

formerly Professor of Chemistry in the University of Maine, 
in collaboration with many experts, containing 340 Illus- 
trations. Royal 8vo. 24/- net. 
Contents. — General Processes. Materials of Construction. Water for 
Industrial PuQ)oses. Fluids. Producer Gas. Power Transmission, 
Boilers, Engines and Motors. Sulphuric Acid. Nitric Acid. Salt 
and Hydrochloric Acid. Commercial Chemicals. Chlorine and Allied 
Products. Electrochemical Industries. Lime, Cement and Plaster. 
Clay, Bricks and Pottery. Glass. Dutch Process White Lead. 
Sublimed White Lead. Pigments, Oils and Paints. The Metallurgy 
of Iron and Steel. Fertilizers. Illuminating Gas. Coal Tar and its 
Distillation Products. The Petroleum Industry. The Destructive 
Distillation of Wood. Oils, Eats and Waxes. Lubricating Oils. 
Soaps, Glycerine and Candles. Laundering. Essential Oils, Synthetic 
Perfumes, and Flavouring Materials. Resins, Oleo-Resins, Gum- 
Resins and Gums. Varnish. Sugar. Starch, Glucose, Dextrin and 
Gluten. Brewing and Malting. Wine Making. Distilled Liquors. 
Textiles. Dyestuffs and Their Application. The Art of Paper Making. 
Explosives. Leather. Vegetable Tanning Materials. Glue and 
Gelatine. Casein. 

Problems in Physical Chemistry • With Practical 

Applications. 
By E. B. R. Prideaux, M.A., D.5c., with a Preface by 

F. Q. Donnan, M.A., Ph.D., F.R.S. 7/6 w«/. 
Contents. — Prefaces. Mathematical Methods and Formulae. Table of 
Logarithms (folder at end). List of Symbols and Abbreviations. 
Units and Standards of Measurement. Thermochemistry. Systems 
of One Component. Mixtures. Gas Reactions. Reactions in Solu- 
tion. Electromotive Force. Kinetics of Molecular and Radioactive 
Change. 

*^* Write to Messrs. Constable S* Co.y Ltd,, 10, Orange Street, 

Leicester Square, for full particulars of any book. 
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Physics and Chemistry-^ontimed. 

The Theory of Ionization of Gases by 
Collision. 

By John S. Townsend, M.A., F.R.S., Wykeham Pro- 
fessor of Physics in the University of Oxford. 
Croum 8vo. 3/6 net. 

Chemical Theory and Calculations : An 

Elementary Text-book. 
By Forsyth J. Wilson, D.Sc. (Edin.), Ph.D. (Leipzig:), 
and Isodor M. Heilbron, Ph.D. (Leipzig), P.I.C, 
A.R.T.C. 2/6 net. 

Radio-Activity and Geology. 

By John Joly, M.A., ScD., F.R.S., Professor of Geology 

and Mineralogy in the University of Dublin. 
Crown Svo. y 16 net. 

The Corpuscular Theory of Matter. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc, LL.D., Ph.D., 

Professor of Experimental Physics, Cambridge, and Pro- 
fessor of Natursd Philosophy at the Royal Institution, 
London. Demy Svo, 7/6 net. • 

Electricity and Matter. 

By Sir J, J. Thomson, M.A., F.R.S., D.Sc, LL.D., Ph.D., 

Crown Svo, 5/- net. 

The Discharge of Electricity through Gases. 

By Sir J. J, Thomson, M.A., F.R.S., D.Sc, LL.D., Ph.D. 

Crown Svo, 4/6 net. 

The Electrical Nature of Matter and Radio- 
activity. 

By H. C. Jones, Professor of Physical Chemistiy in the 

Johns Hopkins University. 
Second Edition. Revised and largely rewritten. Demy Svo, 8/- net. 

Radio- Active Transformations. 

By Ernest Rutherford, F.R.S., Professor of Physics at 

the McGill University, Montreal, Canada. 
Fully Illustrated. Demy Svo, 16/- net. 

*^* Write to Messrs. Constable S* Co,, Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book, 
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Physics and Cbemistry^^^continued. 

Principles of Microscopy. 

Being an Introduction to Work with the Microscope. 
By Sir A. E. Wright, M.D,, F.R.S-, D.5c., Dublin, 
(Honoris Causa) P.R.C.S.I. (Hon.). 

With many Illustrations and Cqlound Plates, Imp, ^vo, 21/- ntt. 

Experimental and Theoretical Applications 
of Thermodynamics to Chemistry. 

By Professor Walter Nernst, University of Berlin. 
Ex, Crown 8w. 5/- nU, 

Vapours for Heat Engines. 

By William D. Ennis, M.E., Mem.Am.SocM.E., Pro- 
fessor of Mechanical Engineering in the Polytechnic 
Institute of Brooklyn, Author of ** Applied Thermo- 
dynamics for Engineers," etc. With 21 Tables and 17 
Illustrations. Demy 8vo. 6/- net. 
Considerations relating to the use of Fluids other than Steam 
for Power Generation : A Study of desirable Vacuum Limits 
in Simple Condensing Engines : Methods for Computing 
Efficiences of Vapour Cycles with Limited Expansion and 
Superheat : A Volume-Temperature Equation for Dry Steam 
and New Temperature — Entropy Diagrams for Various 
Engineering Vapours. 

Chemistry of the Oil Industries. 

By J, E. 5outhcombe, M.5c., Lecturer on Oils and 
Fats, Royal Salford Technical Institute, etc. 7J6net. 

Contents : — Preface. Introductory Organic Chemistry. Mineral Oils. 
Petroleum and Shale. Mineral Qil Refining. Natural Sources and 
Methods of Preparation of the Saponifiable Oils and Fats. Impurities 
occurring in Crude Oils and Fats and the Technical Methods of 
Removing them. Composition and Properties of the Saponifiable 
Oils and Fats in General, Composition and Properties of the 
Individual Oils and Fats of Commercial Importance. The Natural 
Waxes, their Composition, and Properties. Analytical Methods. 
Industrial Applications of Fats and Oils. Burning Oils. Edible Oils and 
Margarines. Polymerised, Boiled and Blown Oils. Turkey-Red Oils. 
Saponification of Fats and Oils on a Technical Scale. The Distillation 
of Fatty^ Acids. Oleines and Stearines. Candle Manufacture. Soap 
Making. Glycerine. Conclusion : Scientific and Technical Research 
on Problems in the Oil and Related Industries. Literature. 

%* Write to Messrs. Constable S* Co.y Ltd,, 10, Orange Street, 
Leicester Square, for full particulars of any hook, 
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Physics and Chemistry— continued. 

A Text-Book of Physics. 

By H. E. Hurst, B.A., B.5c., Hertford College, Oxford, 
late Demonstrator in Physics in the University Museum, 
Oxford, and R. T. Lattey, M.A., Royal Naval College, 
Dartmouth, late Demonstrator in Physics in the 
University Museum, Oxford. 

Illustrations and Diagrams, Demy Svo, 8/6 net. 

Now published also in three volumes, at the request of many 
teachers. Each part is sold separately. 
Part I. — Dynamics and Heat. 3/6 net. 
Part II. — Light and Sound. 3/6 net. 
Part III. — Magnetism and Electricity, ^l-net. 

Introduction to the Chemistry and Physics 
of Building Materials. 

By Alan E. Munby, M.A. (Cantab.). DemySvo. 61- net. 

Exercises in Physical Chemistry. 

By Dr. W. A, Roth, Professor of Chemistry in the 
University of Greifswald. Authorised Translation by 
A. T. Cameron, M.A., B.Sc, of the University of 
Manitoba, illustrated. Demy Svo, 6/- net. 

The Chemistry of Paints and Paint Vehicles. 

By C. H. Hall, B.S. Crown Svo, Bj-net. 

Liquid Air and the Liquefaction of Gases, ^j^ 

By T. O'Conor Sloane, M.A., M.E., Ph.D. 

Many Illustrations. Demy Svo. 10/6 net. 

Chemical Re-agents : Their Purity and Tests: 

A New and Improved Text, Based on and Replacing 

THE Latest Edition of Krauch's Manual. 
By E. Merck. Translated by H. Schenck. 250 pages. Demy 

Svo. 6/- net. 

Van Nostrand's Chemical Annual. 

A Handbook of Useful Data for Analytical, Manu- 
facturing, AND Investigating Chemists, and Chemical 
Students. 

Edited by John C. Olsen, M.A., Ph.D., Professor of 
Analytical Chemistry, Polytechnic Institute, Brooklyn; 
with the co-operation of Eminent Chemists. Nearly 100 Tables. 
Crown Svo, 12/6 net. 

Write to Messrs. Constable 6* Co., Ltd., 10, Orange Street^ 
Leicester Square, for full particulars of any book. 
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Physics and Chemistry^^onUnued. 

Practical Methods of Inorganic Chemistry. 

By F. MoHwo Perkin, Ph.D. 

With Illustrations. Crown Svo. 2/6 net. 

Contemporary Chemistry. 

By E. E. Pournier D'Albe, B.Sc, A.R.C.S., M.R.LA., 

Author of "The Electron Theory," etc. ^j-net. 
Special attention has been paid to physical chemistry and to current 

attempts at physical and electrical theories of chemical phenomena. 
Contents: — Preface. The Situation. A Retrospect. The Molecule. 

States of Aggregation. Optical Chemistry. The Theory of Solutions. 

Osmotic Pressure. Affinity. Valency. Chemistry and Electricity. 

Chemical Analysis. Crystallisation. Carbon Compounds. Chemistry 

and Life. The Chemistry of Metals. Industrial Chemistry. The 

Atomic Theory. Radioactivity. The Chemistry of the Future. Name 

Index. Subject-Matter index. 

The Identification of "Organic Compounds. 

By Q. B. Neave, M.A., D.Sc, and I. M. Heilbron, Ph.D., 
P. I.e., etc. Crown Svo. 4/- mt. 

Dairy Laboratory Guide. 

By C. W. Melick, B.S.A., M.S. Crown Svo, with 52 Illustrations, 
5l- net. 

Detection of Common Food Adulterants. 

By Prof. E. M. Bruce. Crown Svo. 5/- net. 

A handbook for health officers, food inspectors, chemistry teachers and 
students. 

The Chemistry of Dyeing and Bleaching of 
Vegetable Fibrous Materials. 

By Julius Hiibner, M.Sc. Tech.,P.I.C. 

Demy Svo. Illustrated. 14/- net. 

Contents: — The Vegetable Fibres. Water. Chemicals and Mordants. 
Bleaching. Mercerising. Mineral Colours. The Natural Colouring 
Matters. Basic Cotton Dyestuflfs. Substantive Cotton Dyestuffs. 
Sulphur Dyestuffs. Acid and Resorcine Dyestuffs. Insoluble Azo- 
Colours, produced on the fibre. The Vat Dyestuffs. Mordant Dye- 
stuffs. Colours produced on the fibre by Oxidation. Dyeing 
Machinery. Estimation of the Value of Dyestufls. Appendix. 
Index. 

The Chemistry of the Coal Tar Dyes. 

By Irving W. Fay, Ph.D. (Berlin). 

Demy Svo. ^yo pages, itj-net. 

%* Write to Messrs. Constable S» Co,, Ltd,, 10, Orange Street, 

Leicester Sqtiare, for full particulars of any book, 
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Physics and Chemistry— oonUnuid. 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. Member International Rubber 

Testing Committee. 5/- net 
Contents: — The Colloidal State. Raw Rubber. Gutta-Percha and 
Balata. Mixing. Vulcanisation, History. Vulcanised Rubber, 

The Colloidal and Crystalloidal State of 

Matter. With numerous Illustrations. 

By H. E. Potts, M.Sc., and W. J. Breitland. Translated 
from the German of Professor P. Rohland* 

Crown Svo. 4/- net. 

Nitrocellulose Industry. 

By Edward Chauncey Warden, Ph.C, M.A., F.C.S. 

2 vols. 1,240 Pagis. 324 Illustrations. Sm. ^to. 42/- net. 
A compendium of the history, chemistry, manufacture, commercial 
application and analysis of nitrates, acetates and Xanthates of cellulose as 
applied to the peaceful arts, with a chapter on gun cotton, smokeloM 
powder and explosive cellulose nitrates. 

Materials for Permanent Painting. 

By M. Toch, F.C.S. 

Frontispiece in Colour and other Illustrations, Crown Svo. 7/6 net, 

A manual for manufacturers, art dealers, artists and collectors, 
explaining the composition of the materials used in painting. 



Mathematics 

The Calculus and its Applications. A Practical 

Treatise for Beginners, especially Engineering 
Students. With over 400 examples, many of them 
fully worked out. 
By Robert Gordon Blaine, M.E., Assoc. M.Inst. C.E. 

Principal Secretary Co. Antrim Joint Technical Education 
Department. Formerly Lecturer at the City Guilds* 
Technical College, Finsbury, London, etc. Author of 
"Hydraulic Machinery," "Lessons in Practical Mechanics," 
" The Slide Rule," etc. 
Crown Svo. 4/6 net. 

Integration by Trigonometric and Imaginary 

Substitution. By Charles O. Ounther, with an 
Introduction by J. Burkett Webb, C.E. Dmy Svo. 5/- net. 

*<,»* Write to Messrs. Constable & Cq.y Ltd., 10, Orange Streets 
Leicester Square^ for full particulars of any hook. 
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MBtheaiBtiCS-^ontinued, 



Mathematics for the Practical Man. 

By Oeorsre Howe, M.E. 

Crovon 8vo. 5/- net, 
A short work explaining all the elements of Algebra, Geometry, 
Trigonometry, Logarithms, Co-ordinate Gfeometry, and Calculus. 

Quaternions, as the Result of Algebraic 
Operations. 

By Arthur Latham Baker, Ph.D. 

Ex. Crown Svo. 6/- n4t 

The Practical Mechanic's Handbook, 

By F. E. Smith. 4/6 net. 

Contents : — Arithmetic. Arithmetical Signs and Characters and 

Explanation of Solving Formula. Mensuration. How the Dimensions, 

Measurements, and Weight of Different Shaped Vessels is Found. 

The Primary or Simple Machines. Strength of Materials and Questions 

Relating to Stress. 



M anuf actur e and I ndustries 

Chemistry of the Oil Industries, 

By J, E. Southcombe* M.Sc.« Lecturer on Oils and Fats, 
Royal Salford Technical Institute, etc. 7/6«<?/. 

Contents : — Preface. Introductory Organic Chemistry. Mineral Oils. 
Petroleum and Shale. Mineral Oil Refining. Natural Sources and 
Methods of Preparation of the Saponifiable Oils and Fats. Impurities 
occuring in Crude Oils and Fats and the Technical Methods of 
Removing them. Composition and Properties of the Saponifiable Oils 
and Fats in General. Composition and Properties of the Individual 
Oils and Fats of Commercial Importance. The Natural Waxes, their 
Composition and Properties. Analytical Methods. Industrial Applica- 
tions of Fats and Oils. Burning Oils. Edible Oils and Margarines. 
Polymerised, Boiled and Blown Oils. Turkey-Red Oils. Saponification 
of Fats and Oils on a Technical Scale. The Distillation of Fatty 
Acids. Oleines and Stearines. Candle Manufacture. Soap-Making 
Glycerine. Conclusion : Scientific and Technical Research on 
Problems in the Oil and Related Industries. Literature. 

Materials used in Sizing. 

By W. F. a. Ermen. 5/- net, 
* Contents :— The Starches and other Agglutinants. Weighting Materials. 
Softening Ingredients. Antiseptics. Analysis of Sized Warps and 
Cloth. The Preparation of Normal Volumetric Solutions. Tables. 

*♦* Write to Messrs, Constable <§- Co., Ltd,, 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Manufacture and Industries^contimed. 

Mineral and Aerated Waters, and the 
Machinery for their Manufacture. 

By C. Answorth Mitchell, B.A. (Oxon.), F.l.C, 8/6 net. 

Contents : — Origin and Properties of Natural Mineral Waters. Gases 
in Natural Waters. Holy Wells. The Zem-Zem Well at Mecca. Spas 
and their Springs. Natural Mineral Table Waters. Thermal Springs 
and Radio-activity. Temperatures. Helium and Nitron in Mineral 
Waters. Measurement of Radio-activity. Artificial Radio-active 
Mineral Waters. Carbon Dioxide. Its Preparation, Properties, and 
Uses in the Mineral Water Factory. Artificial Mineral Waters. 
Evolution of Carbonating Apparatus. The Machinery of to-day : The 
Pump. Generators. Gas Tubes. Soda Water Machines. Combined 
Cooling, etc. Condensers. Soda Water Bottling Machinery. Arrange- 
ment of a Soda Water Factory. Bottles and Bottling Machinery. 
The Making of Ginger Beer. Examination of Mineral Waters: 
General Characteristics. The Pressure. Metallic Contaminations. 
Baslerioscopic Examinations. Injurious Fermentations — Ropiness. 

The Manufacture of Paper. 

By R. W. Sindall, F.C.S. illustrated. Ex, Crown Svo. 6/- net. 
Contents :— Preface. List of Illustrations. Historical Notice, Cellulose 
and Paper- Making Fibres. The Manufacture of Paper from Rags, 
Esparto and Straw. Wood Pulp and Wood Pulp Papers. Brown 
Papers and Boards.. Special kinds of Paper. Chemicals used in Paper- 
making. The Process of " Beating." The Dyeing and Colouring of 
Paper Pulp. Paper Mill Machinery. The Deterioration of Paper. 
Bibliography. Index. 

Glass Manufacture/ 

By Walter Rosenhain, Superintendent of the Department 
of Metallurgy in the National Physical Laboratory. 

With Illustrations, Ex, Crown Svo. 6/- net. 

Contents : — Preface. Physical and Chemical Properties of Glass. The 
Raw Materials of Glass Manufacture. Crucibles. Furnaces for the 
Fusion of Glass. The Process of Fusion. Processes used in the 
Working of Glass. Bottle Glass. Blown and Pressed Glass. Rolled 
or Plate Glass. Sheet and Crown Glass. Colored Glass. Optical 
Glass. Miscellaneous Products. Appendix. 

Decorative Glass Processes. 

By Arthur Louis Duthie. Fully Illustrated. Ex. Crown Svo. 6/- net. 

Contents : — Introduction. Various Kinds of Glass in Use : Their 
Characteristics, Comparative Price, etc. Leaded Lights. Stained 
Glass. Embossed Glass. Brilliant Cutting and Bevelling. Sknd- 
Blast and Crystalline Glass. Gilding. Silvering and Mosaic. Pro- 
prietary Processes. Patents. Glossary. 

*^* Write to Messrs. Constable <§• Co., Ltd., lo, Orange Street, 
Leicester Square, for full particulars of any book. 
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Manufacture and Industries— continued. 

The Manufacture of Leather. 

< By Husrh Qamer Bennett, M-Sc, F.C.S., Member of the 
International Association of Leather Trade Chemists. 
Croum Svo, Fully Illustrated. i6/- net. 

Cotton. 

By Prof. C. W. Burkett and Clarence H. Poe. 

Fully Illustrated. Demy Svo. 8/6 net. 

Cotton Seed Products. 

A Manual of the Treatment of Cotton Seed for its 
Products and their Utilization in the Arts. 

By Leebert Lloyd Lamborn, Member of the American 
Chemical Society; Member of the Society of Chemical 
Industry. With 79 Illustrations and a map. Demy Svo. 12/6 net. 

Linseed Oil and other Seed Oils. 

An Industrial Manual by William D. Ennis, M.E., 
M.Am.Soc.M.EM Professor of Mechanical Engineering, 
Polytechnic Institute of Brooklyn. Medium Svo. Illustrated. 
16/- net. 
Contents. — Introductory. The Handling of Seed and the Disposition 
of Its Impurities. Grinding. Tempering the Ground Seed and 
Moulding the Press Cake. Pressing and Trimming the Cakes. 
Hydraulic Operative Equipment. The Treatment of the Oil from the 
Press to the Consumer. Preparation of the Cake for the Market. Oil 
Yield and Output. Shrinkage in Production. Cost of Production. 
Operation and Equipment of Typical Mills. Other Methods of Manu- 
facturing. The Seed Crop. The Seed Trade. Chemicsrt Character- 
istics of Linseed Oil. Boiled Oil. Refined and Special Oils. The 
Linseed Oil Market. The Feeding of Oil Cake. Miscellaneous Seed 
Oils. The Cotton-Seed Industry. Appendix. Glossary. Biblio- 
graphical Note. 

Textiles and their Manufacture. 

By Aldred F. Barker, M.Sc. 

Fully Illustrated. Ex. Crown Svo. 6/- net. 

Contents. — The History of the Textile Industries ; also of Textile 
Inventions and Inventors. The Wool, Silk, Cotton, Flax, etc., 
Growing Industries. The Mercerized and Artificial Fibres Employed 
in the Textile Industries. The Dyeing of Textile Materials. The 
Principles of Spinning. Processes Preparatory to Spinning. The 
Principles of Weaving. The Principles of Designing and Colouring. 
The Principles of Finishing. Textile Calculations. The Woollen 
Industry. The Worsted Industry. The Dress-Goods, Stuff, and 
Linings Industry. The Tapestry and Carpet Industry. Silk Throwing 
and Spinning. The Cotton Industry. The Linen Industry Historically 
and Commercially Considered. Recent Developments and the Future 
of the Textile Industries. 






Write to Messrs, Constable S* Co., Ltd., 10, Orange Street ^ 
Leicester Square, for full particulars of any Book. 
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Manufacture and Industries-^-contimed, 

Glues and Gelatine. 

A Practical Treatise on the Methods of Testing 
AND Use. By R. Livinsrston Pernbach. DmySvo, lojenet. 

Agglutinants and Adhesives of All Kinds 

for all Purposes. By H. C. Standasre. Dmy Bvo. 
6/- ntt. 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. 5/- ntt. (See p. 38.) 

India-Rubber and its Manufacture, with 
Chapters on Gutta-Percha and Balata. 

By H. L. Terry, P.I.C, Assoc. Inst. M.M. 

With Illustrations. Ex, Crown 8vo. 6/- net. 

Nitrocellulose Industry. 

By Edward Chauncey Warden, Ph.C, M.A., P.C.S. 

2 vols. I ^2^0 pages, 12^ Illustrations. Sm. ^to. ^2J-net, (5f^ p. 38.) 

Materials for Permanent Painting. 

By M. Toch, P.C.S. Frontispiece in Colour and other Illustrations. 

Crown 8vo. 7/6 net. 
A manual for manufacturers, art dealers, artists and collectors explaining 
the composition of the materials used in painting. 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. (See p. 15.) 

Wood Pulp. By Charles P. Cross, B.Sc, P.I.C. ; E. J. 

Bevan, P.I.C, and R. W. 5indall, P.C.S. 

Fully Illustrated. 6/- net. 
Contents.— The Structural Elements of Wood. Cellulose as a Chemical. 
Sources of Supply. Mechanical Wood Pulp. Chemical Wood Pulp. 
The Bleaching of Wood Pulp. News and Printings. Wood Pulp 
Boards. Utilisation of Wood Waste. Testing of Wood Pulp for 
Moisture. Wood Pulp and the Textile Industries. Bibliography. 
Index. 

History of the Frozen Meat Trade. 

By J. C. Critchell and J. Raymond. 10/6 net. 

*^* Write to Messrs. Constable S* Co,, Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any hook* 
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Arts and Crafts. 



Arts and Crafts 

Simple Jewellery. 

A Practical Handbook with Certain Elbmbntary 
Methods of Design and Construction, written for 
the Use of Craftsmen, Designbrs, Studbnts and 
Teachbrs. By R. LI. B. Rathbone. 

Ex. Crown Svo. 94 Illustrations. Second Impression. 6/- net. 

The Potter S Cratt. a Practical guide for the Studio 
AND Workshop. By Charles P. Binns, late Superintendent 
Royal Porcelain Works, Worcester, with 42 Illustrations. 
Crown Svo. 6/- net* 

Precious Stones. 

By W. Qoodchild, M.B., B.Ch. With 42 Illustrations. 
With a Chapter on Artificial Stones. By Robert 
Dykes. Illustrated. Ex. Crown Svo, 6/- net. 

Enamelling. On the Theory and Practice of sdinl. 
Art Enamelling upon Metals. By Henry Cun3ms:- 

hame, M.A., C.B. Two Coloured Plates and 20 lUustraHone. 
Crown Svo. 6/- net. 

Useful Handbooks and Tables 

The Practical Mechanic's Handbook. (^,,p.39.) 

By F. E. Smith. 

Materials used in Sizing, ^see p. 39) 

By W. F. a. Ermen. 

Reference Book for Statical Calculations. 

By Francis Ruff. 

Crown Svo. i6o Illustrations. Charts and Diagrams. 4/- net. 

Handbook for the Care and Operation of 

Naval Machinery. By Lieut. «. C. Dinger, U.S. Navy. 

Cloth. 302 Pages. 124 Illustrations. Pocket sijfe. Price 7/6 net. 

Pricing of Quantities. 

Showing a Practical System of preparing an Estimate 
FROM Bills of Quantities. By Qeorsfe Stephenson, 

Author of ** Repairs " " Quantities," etc. ' 
Demy Svo. 8/- net. 

*^* Write to Messrs. Constable S* Co., Ltd., 10, Orange Street^ 

Leicester Square, for full particulars of any book. 
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Useful Handbooks and Tables— continued. 
The Law affecting Engineers. 

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law, 

Joint Editor of " Emden's Building Contracts.'* 
Demy ^vo, 10/6 net. 

A concise statement of the powers and duties of an engineer, as 
between employer and contractor, as arbitrator and as expert witness, 
together with an outline of the law relating to engineering contracts, and 
an appendix of forms of contract, with explanatory notes. 

Tables of Multiplication, Division and Pro- 
portion : For the Ready Calculation of Quantities 
and Costs, Estimates, Weights and Strengths, Wages 
and Wage Premiums. 
By Prof. R. H. Smith, A.M.Inst. C.E., M.I.E.E., etc. 2/6 net. 

T efferino- gth Edition, 

l^C L LCI lllg . ^ Revised and Enlarged, 

For Draughtsmen, Engineers and Students. 
By Chas. W. Reinhardt. ^hnet. 

The New Steam Tables. Calculated from Professor 
Calendar's Researches. 

By Professor C. A. M. 5mith, M.Sc, and A. Q. Warren, 

S.Sc. 4/- net. 



Natural History^ Botany, Nature 
Study, etc. 

Natural History in Zoological Gardens. 

Being some Account of Vertebrated Animals, with special 
reference to those usually to be seen in the zoological 
Society's Gardens in London and similar Institutions. By 
Frank E. Beddard,. F.R.5., etc. Illustrated by Oambier Bolton 
and Winifred Austen. Crown Svo. 3/6 net. New and Cheaper Edition, 

Extinct Animals. 

By Sir E, Ray Lankester, F.R.S. 

With a Portrait of the Author and 218 other Illustrations. New and Revised 
Edition, Demy Svo, 3/6 net, 

*** Write to Messrs, Constable S» Co., Ltd,, 10, Orange Street, . 
Leicester Square, for full particulars of any book, 
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Natural History, Botany, Nature Study, 

etCm — continued. 

From an Easy Chair, 

By Sir E. Ray Lankester, P.R.S. 

Crown Svo, Paper, i/- net ; Clothe 2/- net. 

These informal talks on scientific matters that are recurring in general 
conversation, range over a wide variety of subjects. It is a book to be 
dipped into in leisure moments ; for though its subject-matter is for the 
most part scientific every word is readable and instructive. 

The Stone Age in North America. 

By Warren K. Moorhead. 

In 2 Volumes. 900 pages. With about 700 Illustrations^ including 6 in Colour, 
12 in Photogravure and Several Maps. Crown 4/0. 31s. 6d. net. 
An archaeological encyclopaedia of the implements, ornaments, weapons, 

utensils, etc., of the prehistoric tribes of North America. The work is 

the result of twenty years' exploration and study. 

Distribution and Origin of Life in America. 

By R. F. Scharff, B.Sc, Ph.D., RL.S. 

Numerous Illustrations. Large Crown Svo. 10/6 net. 

European Animals : Their Geological History and 
their Geographical Distribution. 

By R. F. Scharff, B.Sc, Ph.D., F.L.S. 

Numerous Illustrations. Large Crown Svo. 7/6 net. 

The Nature Student's Note Book. 

By Rev. Canon Steward, M.A., and Alice E* Mitchell. 

Containing Nature Notes, Diary, Classification of Plants, Trees, Animals, 
and Insects in detail. 
Interleaved with writing paper. Foolscap Svo. 2/- net. 

Fishes, A Guide to the Study of. 

By David Starr Jordan, President of Leiand Stanford 
Junior University. With Coloured Frontispieces and 427 Illustrations. 
In 2 Volumes. Folio, ^oj-net. 

American Insects. 

By Professor Vernon L. KellosrsT* With many original 
Illustrations by Mary Wellman. Square Svo, 21/- net. 

Life Histories of Northern Animals. An 

Account of the Mammals of Manitoba. 

By Ernest Thompson Seton, Naturalist to the Govern- 
ment of Manitoba. 

In two volumes. Large Svo. Over 600 pages each. With 70 Maps and 600 
Drawings by the Author. Price 73/6 the set. Prospectus on application. 

*^* Write to Messrs, Constable & Co., Ltd., 10, Orange, Street, 

Leicester Square, for full particulars of any book. 
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Natural History, Botany, Nature Study, 

etc* — continued. 



Influences of Geographic Environment. 

By E. C. Semple, Author of ''American History and its 
Geographic Conditions." 

Med, 8vo. 700 pc^es. 18/- net. 

Contents : — Preface. Operation of Geographic Factors in History. 
Classes of Geographic Influences. Society and State in Relation to 
Land. Movements of Peoples in their Geographical Significance. 
Geographical Location. Geographical Area. Geographical Boundaries. 
Coast Peoples. Oceans and Enclosed Seas. Man's Relation to the 
Water. The Anthropo- Geography of Rivers. Continents and their 
Peninsulas. Island Peoples. Plains, Steppes and Deserts. Mountain 
Barriers and their Passes. Influences of a Mountain Environment. 
The Influences of Climate upon Man. Index. 

Outlines of Evolutionary Biology. 

By Arthur Dendy, D.Sc, F.R.S., Professor of Zoology 

in the University of London (King's College) ; Zoological 

Secretary of the Linnean Society of London ; Honorary 

Member of the New Zealand Institute ; formerly Professor 

of Biology in the Canterbury College (University of New 

Zealand), and Professor of Zoology in the South African 

College, Cape Town. Second Edition, enlarged, and with a Glossary. 

Fully Illustrated. 12/6 net. 

Contents :— The Structure and Functions of Organisms. The Cell 

Theory. The Evolution of Sex. Variation and Heredity. The Theory 

and Evidence of Organic Evolution. Adaptation. Factors of Organic 

Evolution. Glossary of Technical Terms. 

Plant Physiology and Ecology. 

By Frederic Edward Clements, Ph.D., Professor of Botany 

in the University of Minnesota. With 125 Illustrations. 
Demy St/o. 8/6 net. 

Indian Trees. 

An Account of Trees, Shrubs, Woody Climbers, 
Bamboos and Palms, Indigenous or Commonly Cul- 
tivated IN THE British Indian Empire. 

By Sir Dietrich Brandis, K.C.I.E., Ph.D. (Bonn), LL.D. 
(Edin.), F.R.S., F.L.S., F.R.Q.S., and Hon. Member of 
the Royal Scottish Arboricultural Society, of the Society 
of American Foresters, and of the Pharmaceutical Society 
of Great Britain. Assisted by Indian Foresters. 

With many Illustrations. Demy Svo. 16/- net. Third Impresmon. 



* 



Write to Messrs, Constable S* Co,, Ltd., 10, Orange Street, 
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Agriculture and Farming. 



Agriculture and Farming 

Wool Growing and the Tariff. 

A Study in the Economic History of the United States. 
By Chester Whitney Wrijrht, Ph.D. £>m^ Svo, 8/6 mt. 

Soils and Manures. By j. AUin Murray, b.sc. 

With lUustraiions. Demy Svo. 6/> net. 

Contents. — Preface. Introductory. The Origin of Soils. Physical 
Properties of Soils. Chemistry of Soils. Biology of Soils. Fertility. 
Principles of Manuring. Phosphatic Manures. Phosphb-Nitrogenous 
Manures. Nitrogenous Manures. Potash Manures. Compound 
and Miscellaneous Manures. General Manures. Farmyard Manure. 
Valuation of Manures. Composition and Manurial Value of Various 
Farm Foods. Index. 

Soils: How to Handle and Improve Them. 
By S. W. Fletcher. 

upwards of loo Illustrations, Demy Svo, 8/6 net. 

To Work a Grass Holding at a Living Profit, 
and the Cheap Cottage Problem. 

By H. B. M. Buchanan, B.A. Crown Svo, ihnet. 

The First Book of Farming. 

By Charles L. Qoodrich. With 85 Illustrations. Crown Svo. 4/6 net. 

Farm Management. 

By F. W. Card, Professor of Agriculture. 

66 Full-page Illustrations and numerous useful Tables and Returns. Demy Svo. 
8/6 net. 

Farm Animals : How to Breed, Feed, Care for and 

Use them. By E. V. Wlllcox, Ph.D., M.A., U.S.A. 
Department of Agriculture. 
With over 60 full-page Illustrations. Demy Svo. . 8/6 net. 

, i_ 

*^* Write to Messrs. Constable S» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Agriculture and Farmings-continued, 

LaiVt PatentSt etc. 

Building in London. 

By Horace Cubitt, A.R.I.B.A., etc. 

A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
H. J. Leaning, F.S.L, and the Valuation and Management of London 
Property by Sydney A. Smith, F.S.I. ; also the Statutes. Bye-laws and 
Regulations applying in London ; cross-references throughout. 
Illustrattd^ with diagrams. Royal Svo. 31/6 nst. 

Industrial Accidents and their Compensation. 

By Q. L. Campbell, B.S, Crown Svo. 4/- ml 

The Law affecting Engineers. 

By W. Valentine Ball, M,A. (Cantab.). Barrister-at-Law, 

Joint Editor of " Emden's Building Contracts." 
Demy Svo. 10/6 ne^. 

A concise statement of the powers and duties of an engineer, as 
^etween employer and contractor, as arbitrator and as expert witness, 
together with an outline of the law relating to engineering contracts, and 

" )iai 



Foreign and Colonial Patent Laws. 

By W. Cranston Palrweather, Chartered Patent Agent. 
Demy Svo. 10/6 ntt. 

This is a compendium of Patent practice in every British possession 
and in every foreign country which appears on the map. The informa- 
tion given is in large part obtained from official sources, and is presented 
in a series of articles — one for each State — revised so far as is possible 
by agents practising in the States in question. 

Patents, Designs and Trade Marks : The Law 

and Commercial Usage. 

By Kenneth R. Swan, B.A. (Oxon.)* of the Inner Temple, 

Barrister-at-Law. 
Ex. Crown Svo, 6/- net* 

*^* Write to Messrs. Constable S» Co., Ltd.^ 10, Orange Street^ 
Leicester Square, for full particulars 0/ any book, 
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Miscellaneous. 



The Arbitration Clause in Engineering and 
Building Contracts. 

By E. J. Rimmer (Barrister-at-Law), iVUnstX-E., 
etc. 2/- net. 

Miscellaneous 

Spanish-English, English-Spanish Dictionary 
of Railway Terms. 

By Andr6 Garcia. 12/6 net. 

Forecasting Weather, by w. n. shaw, f.r.s., sc.d., 

Director of the Meteorological Office, London. 

Illustrated with Maps, Charts and Diagrams, Demy Svo. 10/6 net. 
From the Introduction : " The arraagement which has been followed in 
this work is first to explain and illustrate the construction and use of 
synoptic charts and the method of forecasting by their means. I have 
dealt with special departments of the work of forecasting, such as gales 
and storm-warnings, anti-cyclonic weather, land and sea fogs, night frosts, 
colliery warnings, forecasts for aeronauts. ... A chapter has been devoted 
to statistical methods for long period and seasonal forecasts." 

Motion Study : 

A Method for Increasing the Effiency of the Workman. 
By F. B. QUbreth, M.Am.5oc.M.E. 4/6 net. 

Primer of Scientific Management. 

By p. B. Qilbreth, M.Ani.Soc.M.E.» with an Introduction 
by Louis D. Brandeis. 4/- net. 

Seasonal Trades. 

By Arnold Preeman. yi6net. 

How to do Business by Letter and Advertising. 

By Sherwin Cody. 51-net. 

*^* Write to Messrs. Constable <S» Co., Ltd., 10, Orange Street, 

Leicester Square, for full particulars of any bookt 
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Miscellaneous— coniinued. 



Modern Astronomy. s.coniEmo,. 

Being some Account of the Revolution of the Last 

Quarter of the Century. 
By Prof. H. H. Turner, F.R.S. illustrated. Cr.Svo, zj^mt. 

Time and Clocks : 

A Description op Ancient and Modern Methods op 
Measuring Time. By H. H. Cunynsrhame, M.A., C.B. 

■ Illustrattd. Crown Svo, 2/6 mt. 

International Language and Science. 

Considerations on the Introduction of an International 

Language into Science. 
Translated by Prof. F. Q. Donnan. Demy Svo. 2/- net. 

The Seven Follies of Science, by john Phin. 

A new and enlarged Edition. With numerous Illustrations. Demy Svo. 5/- net, 

A popular account of the most famous scientific impossibilities, and tiie 
attempts which have been made to solve them. To which is added a small 
budget of interesting paradoxes, illusions, and marvels. 

Public Ownership of Telephones. 

By a. N. Holcombe. 8z/o. 8/6 net. 

*• We commend this book to the notice of all interested in the study of 
telephone development and administration." — Electricity. 

Good Engineering Literature^ By Harwood Frost, 

M.Am.Soc.M.E. Crown 8vo. 4/6 mt. 

Essays Biographical and Chemical • 

By Professor Sir William Ramsay, KX.B., LL.D./F.R.S., 
D.5c., etc. Demy Svo. 7/6 net. 



^^* Write to Messrs. Constable & Co., Ltd:, 10, Orange Street, 
peicester Square, for full partiQul(^r§ Qf cp^y bOQk. 
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BEDROCK 

A Quarterly Review 

of Scientific Thought. 

2s. 6d. net. 



ANNUAL SUBSCRIPTION. 

For the United Kingdom, 11/-; 

For Abroad, 12/- (12 marks SOpf.; 15f. 25c.) 



(Bdtional (Rammiiiet : 
Sir Bryan Donkin, M.D. (Oxon.), F.R.C.P. (Lond.), late Physician and 

Lecturer on Medicine at Westminster Hospital, etc. 
E. B. PouLTON, LL.D., D Sc, F.R.S., Hope Professor of Zoology in the 

University of Oxford. 
G. Archdall Reid. M.B., F.R.S.E. 
H. H. Turner, D.Sc, D.C.L., F.R S., Savilian Professor of Astronomy in 

the University of Oxford. 

^cttitg (Birttffr: H. B. Grylls. 



Some of the Articles that have appeared. 

The Warfare Against Tuberculosis. By Elie MetchnikofF. 
On Psychical Research. By Sir Ray Lankester, K.C.B., 

F.R.S. ; Sir Bryan Donkin, M.D., F.R.C.P. ; Sir Oliver 

Lodge, F.R.S. 
The Stars in their Courses. By ft. H. Turner, F.R.S. 
More Daylight Saving. By Professor Hubrecht, F.M.Z.S., 

F.M.L.S. 
Recent Discoveries of Ancient Human Remains and 

their Bearing on the Antiquity of Man, By A. 

Keith, M.D., F.R.C.S. 
Value of a Logic ov Method. By Professor J. Welton, M.A. 
Darwin and Bergson on the Interpretation of Evolution. 

By E. B. Poulton, LL.D., D.Sc, F.R.S. 
Pleochroic Haloes. By J. Joly, F.R.S. 
Modern Vitalism. By Hugh S. Elliot. 
Recent Researches in Alcoholism. By G. Archdall 

Reid, M.B. 
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